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 SUMMARY 
The size and growth of population significantly affects the demand for energy globally. 
Providing sufficient food, water and land for everyone on the planet as well as the environmental 
threats such as climate change and waste generation, and also declining fossil fuels sources are 
the other major challenges of current century in the face of rising population. The volume of 
energy consumption and waste generation varies from regions to regions or country to country 
due to many different factors such as the economy, climate, rate of urbanization, characteristics 
of industrialization, fuel & power prices, government conservation policies, and other factors. 
 The economic development process has traditionally been accompanied by rapid population 
growth and also increases in energy demand, which, together with rising demand in both 
developed and developing countries. The greatest share of population growth belongs to the 
developing countries. Among developing countries, Iran has been selected as a case of study to 
investigate various aspects of bioenergy in particular bio-fuel production from the existing 
biomass resources especially bio-waste, in this regard SWOT analysis will take place for 
qualitative evaluation of present strengths, weaknesses, opportunities and threats about bio-fuel 
production from bio-waste, to address current environmental, social and economic issues which 
Iran is facing due to the country’s development process. 
  
 1 
 
CONTENT 
Title                                                                                                                                                   Page 
INTRODUCTION ……………………………………………………………………………………. 3 
Chapter 1: BIOMASS …………………………………………………………………………….... 9 
 1.1. What is Biomass ……………………………………………………………………. 10 
 1.2. Why use Biomass …………………………………………………………………. 10 
 1.3. Biomass Sources & Categories …………………………………………………….. 15 
 1.3.1. Waste Biomass Sources ………………………………………………………… 18 
 1.3.2. Bio-Waste Category ……………………………………………………………. 20 
 1.4. Biomass Characterization …………………………………………………………... 23 
 1.5. Biomass Composition ……………………………………………………………… 24 
 1.6. Biomass Conversion Technologies …………………………………………………. 28 
 1.7. Bio-Waste Treatment and Conversion Technologies ……………………………….. 31 
 1.7.1. Landfilling ………………………………………………………………………. 32 
 1.7.2. Mechanical Biological Treatment ………………………………………………. 34 
 1.7.3. Incineration ……………………………………………………………………... 36 
 1.7.4. Pyrolysis ………………………………………………………………………... 37 
 1.7.5. Gasification ……………………………………………………………………… 39 
 1.7.6. Composting ……………………………………………………………………… 40 
 1.7.7. Anaerobic Digestion ……………………………………………………………. 41 
 1.8. Bio-Products ………………………………………………………………………... 42 
 1.8.1. Bio-Material Products …………………………………………………………… 42 
 1.8.2. Bio-Energy Products ……………………………………………………………. 43 
 1.8.2.1. Bio-Heating …………………………………………………………………. 43 
 1.8.2.2. Bio-Power …………………………………………………………………... 44 
 1.8.2.3. Bio-Fuels …………………………………………………………………… 45 
 1.9. Outputs from Bio-Waste Treatment and Recovery Processes ……………………… 52 
Chapter 2: IRAN …………………………………………………………………………………… 55 
 2.1. General Information …………………………………………………………………. 56 
 2.2. Energy Status of Iran ………………………………………………………………... 57 
 2.3. The Role of Development Policies in Iran …………………………………………. 63 
 2.4. Status of Renewable Energies in Iran ……………………………………………….. 63 
 2.4.1. Hydro Power …………………………………………………………………….. 65 
 2.4.2. Wind Energy …………………………………………………………………….. 65 
 2.4.3. Solar Energy …………………………………………………………………….. 65 
 2.4.4. Geothermal Energy ……………………………………………………………... 66 
 2.4.5. Hydrogen and Fuel Cells ………………………………………………………… 66 
 2.4.6. Biomass Energy …………………………………………………………………. 67 
Chapter 3: BIOMASS ENERGY IN IRAN ………………………………………………………… 69 
 3.1. Biomass History in Iran ……………………………………………………………… 70 
 3.2. Bio-Power in Iran ……………………………………………………………………. 70 
 3.3. Bio-Fuels in Iran ……………………………………………………………………... 72 
 3.4. Biomass Energy Sources in Iran ……………………………………………………. 75 
 3.4.1. Agricultural Resources ………………………………………………………….. 76 
 3.4.2. Forest Resources …………………………………………………………………. 79 
 3.4.3. Animal Waste ……………………………………………………………………. 80 
 3.4.4. Municipal & Industrial Sewage ………………………………………………….. 81 
 3.4.5. Municipal & Industrial Wastes ………………………………………………….. 81 
Chapter 4: MARKETING ………………………………………………………………………… 83 
 4. Bio-Fuels Market ………………………………………………………………………. 84 
Chapter 5: METHODOLOGY ……………………………………………………………………... 89 
 5. SWOT Analysis ………………………………………………………………………… 90 
 5.1. First Step …………………………………………………………………………….. 92 
 5.2. Second Step ………………………………………………………………………… 96 
 5.3. Discussion …………………………………………………………………………… 100 
CONCLUSION ………………………………………………………………………………………… 103 
APPENDIX …………………………………………………………………………………………… 107 
 Appendix   I ……………………………………….………………………………………… 108 
 Appendix   II ………………………………………………………………………………… 116 
REFERENCES …………………………………………………………………………………………. 119 
 2 
 
 
  
 3 
 
 
 
 
 
 
 
 
 
 
INTRODUCTION 
 
  
 
4 
 
The International Energy Outlook 2013, has estimated the total world energy consumption during 30 
years from 2010 - 2040, will be increased to more than 50%. The world population is growing 
constantly therefore worldwide energy demand will keep growing, supplying the sustainable energy 
has become one of the main challenges globally, especially considering the need to cope with climate 
change. In the year 2012, the energy use rate from oil, coal and natural gas was accounted 78.4% of 
the global final energy consumption. Fossil energy is finite source of energy, they are non-renewable 
that will finally dwindle also they can cause many environmental issues such as the global warming. 
In contrast, the renewable energy sources are clean sources of energy which will never run out. 
Renewable energy in 2012 provided 19% of global final energy consumption and continued to grow 
in 2013. Modern renewable energy estimated around 10% of the mentioned total share and the rest 
9% came from global traditional biomass consumption, more than 2.6 billion people in many parts of 
the world in 2013 relied on traditional biomass for heating and cooking. Modern renewable energy is 
employed for power generating, heating and cooling and transport fuels, and also for off-grid energy 
services in rural or remote areas. The share of total final energy consumption in the year 2012 was as 
follows figure. 
 
Fig. 1 - Renewable energy share of global final energy consumption, 2012. [189] 
 
According to the REN21 reports, during the years 2009 to 2013, the capacity and output of installed 
renewable energy technologies increased rapidly, in particular in power generation from solar 
resource.  
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Fig. 2 - Average annual growth rates of renewable energy capacity and bio-fuel production, 2009-2013. [189] 
 
As the trend of replacing fossil-fuels with renewable energies in the global energy markets and energy 
industries grows, countries may face new and different opportunities and challenges. Many countries 
in the world, preparing to face these opportunities and challenges by implementing energy 
development plans and policies, therefore, over the past decade renewable energy technologies, 
supporting policies have increased noticeably. Early policy design in the 1970s and also 1980s has 
included supporting researches and development, but nowadays policies of concentrate on technology 
deployment as well as market development. In many countries policymakers have turned to renewable 
energy to expand and maintain energy services due to the economic, social and political benefits of 
utilization renewable energies, including reducing impacts of energy use on the social health and 
environment such as greenhouse gas emissions, moreover energy access and energy security 
promotions, rural areas development, poverty reduction, job creation and increasing education 
opportunities. In early 2014, almost governments of 138 countries have employed mentioned 
strategies (see Appendix I). Mainly renewable energy policies are supporting electricity generation 
more, like feed-in tariffs, net metering and etc. Therefore enhancement of renewable energy policies 
in the heating, cooling and transportation sectors is needed. The national policies for supporting 
renewable energy in transportation sector have been implemented in 51 countries. Recently many 
countries begin to generate more renewable energies, thus in near future policy priorities will shift 
from need to market profit. [179, 189] 
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Fig. 3 - Number of countries with renewable energy policies by type, 2010-2014. Note: Figure does not show all policy types 
in use. Countries considered when at least one national or sub-national policy is in place. [189] 
 
Among the renewable energy sources, the biomass energy source seems most reliable, because 
biomass is the unique renewable energy source which can produce electricity, heat and bio-fuels. 
Biomass is prehistoric renewable energy source which is still being used as a traditional biomass 
energy source. 
 
Fig. 4 - Biomass resources and energy pathways. [189] 
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From the 57 exajoules biomass energy consumption in 2013, 60% was traditional biomass use and the 
rest was modern biomass energy for generating electricity, heat and all forms of bio-fuels (Fig. 4). 
While biomass consumption grows, the need for biomass feed-stock is also rising. The biomass 
energy demand continues to grow due to the global desire for substituting biomass energy source 
instead of utilizing fossil energy sources, thus the economic dependency on fossil-fuels decreases in 
both fossil-fuels exporting and importing countries as well as reducing of greenhouse gas emissions. 
Some countries like USA and Brazil are producing bio-fuel and electricity simultaneously from corn, 
vegetable oil, sugar cane and other agricultural food crops, which has raised concerns about global 
food security and food market prices, nowadays the demand for fuels in developed countries is 
competing against the food demand in poor countries. Land use changes, water crisis and 
deforestation are additional problems of heat, power or bio-fuel production from forest and 
agricultural crops. Considering the mentioned difficulties, using agriculture and forestry residues, 
biodegradable municipal wastes and food industry wastes as biomass feed-stock for energy generation 
could be the best option for now and future. According to the World Energy Council’s definition for 
WtE technologies, “Waste-to-Energy technologies consist of any waste treatment process that creates 
energy in the form of electricity, heat or transport fuels from a waste source”. 
Fig. 5 - Bioenergy science turn waste issues into sustainable profits. [169] 
One of the most serious issues that many countries are facing with is population growth which 
greatest share of it belongs to the developing countries. Providing needs of the growing population 
such as energy and food and also rapidly increasing quantity of waste generation are some of these 
issues. Among developing countries Iran has been selected as a case of study to investigate various 
aspects of bioenergy production from the existing biomass resources. 
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Iran’s efforts to provide secure, clean, affordable and reliable energy have triggered many concerns 
worldwide. Iran plays an important role in the world’s energy security, which holds the world's fourth 
and second largest deposits of oil and natural gas reserves. Despite Iran is one of the top oil and 
natural gas producer countries of the world, the country is still dependent on imports of some refined 
products, in 2013 about 85% share of imported refined products was gasoline. Iran’s economy is 
heavily dependent on the oil and gas sector. Although great efforts have been done in the country to 
reduce the dependency on fossil-fuels and find alternative source of energy, but more than 98% of 
total energy consumption in Iran is from fossil-fuel sources. According the Iran’s Energy Balance 
report, the final energy consumption in 2010 was about 1166 million barrels oil equivalent, with the 
sectorial shares: 37% in household, public, and commercial, 22% in industry, 27% in transport, 4% in 
agriculture and 11% non-energy uses. Moreover the growth of domestic energy demand continues by 
the population increasing in the future so the country will face many problems such as the depletion of 
fossil-fuel resources, irreversible impacts of fossil-fuels on the environment. 
 
On the other hand, there is rapid population growth and urbanization which take place in developing 
countries due to the economic development. The economic growth and industrialization, urbanization 
in changing the consumption patterns of the society and led to a rapid increase in waste generation. 
According to the World Bank 2012 report, the global municipal solid waste generation is about 1.3 
billion tonnes per year or an average of 1.2 kilogram per capita per day. Nowadays there is a growing 
rate of waste generation in all Iranian cities, particularly in the capital city of Tehran every resident of 
produces 320 kilograms of solid waste per year, which means every person in the Tehran city 
produces 6 times more wastes than his or her own body weight. More than 75% of the municipal solid 
waste in Iran is consists of biodegradable organic matter which at least 85% of them led to the 
landfills. Landfilling with limited pretreatments causes lots of problems, such as air, soil and 
groundwater pollution and also other deteriorating effects on environmental and social health. [62, 187] 
 
The present study in the first chapter investigates about biomass feed-stock for bio-fuel production 
and related conversion technologies, in continue the country of Iran as a case of study will be 
reviewed and the third chapter includes the bio-fuel markets and last chapter is about SWOT analysis 
assessment for identifying the strengths and weaknesses, opportunities and threats of the bio-fuel and 
fossil-fuels as a source of energy in addition Bio-waste and other biomass feed-stock as a raw 
materials for bio-fuel production in Iran. 
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3.1. What is Biomass? 
The term biomass (Greek: Βιο [Life] + Μάζα [Mass]) refers to non-fossilized and biodegradable 
organic material originating from plants, animals and micro-organisms which derived from biological 
sources. In other words, biomass includes all biological materials within nature, which derived from 
living, or recently living organisms. It most often refers to plants or plant-based materials, and its 
components include cellulose, hemicelluloses, lignin, starches, simple sugars, hydrocarbons, lipids, 
proteins, extractives, ash, water and other compounds. [34, 66, 211] 
Biomass originally used in the field of ecology (for referring to amount of plants, animals and micro-
organisms), but after the energy crises due to oil shocks, its meaning was widened beyond ecological 
field and converted to “biological resources as energy sources”, since it was drastically proposed that 
alternative and renewable energy or material sources should be promoted. There is still no accurate 
definition of biomass, and its definition differs from one field to another. A general term related to 
plant and animal resources and the wastes arising from them, which have accumulated in a certain 
amount (excluding fossil-fuel resources), is a prevalent definition from the standpoint of energy. 
Accordingly, biomass encompasses an extensive variety including not only lumber, agricultural crops 
and other conventional agriculture, forestry, marine plants and fisheries resources, but also organic 
industrial wastes, municipal wastes (i.e. kitchen garbage and paper waste), sewage sludge, pulp 
sludge, black liquor, alcohol fermentation stillage, etc. [259] 
By the same token, the European Parliament council has introduced the definition of biomass in 
several EC documents, In the Directive 2003/30/EC ‘on the promotion of the use of bio-fuels or other 
renewable fuels for transport’ (EC 2003) and the proposal for a Directive ‘on the promotion of the use 
of energy from renewable sources’ (EC 2008), the biomass is defined as follows in order to develop 
the usage of biomass in power production in the domestic market of Europe. 'The biodegradable 
fraction of products, waste and residues from biological origin from agriculture (including vegetal and 
animal substances), forestry and related industries including fisheries and aquaculture, as well as the 
biodegradable fraction of industrial and municipal wastes. [3] 
3.2. Why use Biomass? 
Behind only coal, oil and natural gas, biomass stands as the forth-largest energy resource worldwide. 
Biomass in the form of fuel-wood was perhaps the first source of energy used by human beings and 
was the primary fuel till the industrial revolution, after which fossil-fuels like coal and oil gradually 
replaced biomass as the common fuels, but until the mid-19th century, biomass overcame global 
energy consumption. With rapid increases in fossil-fuel usage, biomass consumption for energy 
purposes has decreased for the past half-century, but still provides about 1.25 billion tons of 
petroleum equivalents or approximately 14% of the annual global energy consumption (in 2009), and 
it is still an important fuel in developing countries (Most of it is the main source of energy in non-
commercial parts). [66, 154, 241] 
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An emerging challenge is the need to develop sustainable approaches to producing renewable biomass 
and using unused biomass sources to help meet the future energy needs of many nations. Projections 
are that the current proportion related to biomass (~15% of the global primary energy supply) will 
need to increase dramatically to meet growing energy demand. It is interesting to know that in the 
most biomass-intensive scenario, modernized biomass energy will by 2050 contribute about one half 
of total energy demand in developing countries (IPCC, 1997). [34, 66, 150, 154, 241] 
On the other hand, burning any carbon-based fuel converts carbon to carbon dioxide. Unless it is 
captured and stored by plants, this carbon dioxide is usually released to the atmosphere. Until today, 
burnt fossil-fuels have released huge amount of carbon that was absorbed and removed from the 
atmosphere millions of years ago by plant and animal life. This leads to increased concentrations of 
CO2 and its accumulation in the atmosphere that creates the greenhouse effect which is heating of the 
earth surface due to the presence of the Greenhouse gases  (GHG, including: CH4, CO2, N2O, H2O(g), 
etc.) that are almost transparent to solar radiation but strongly absorb and emit infrared radiation in the 
atmosphere. [224] 
Greenhouse gases trap heat within the surface-troposphere system, and the increasing accumulation of 
them in the atmosphere since the industrial revolution (resulting widespread use of fossil-fuels), 
causes increasing the average of global temperature, which known as Global Warming. This is 
predicted to lead to wide-spreading unpredictable changes to the global climate. [224] 
Fig. 6 - Summary of global warming impacts; Increase in global temperature relative to the late 20th century. [76] 
According to Carbon dioxide as an important GHG, cumulative CO2 emissions from fossil-fuel 
combustion, cement production and flaring since 1750 reached to 420 ±35 GtCO2 in 1970, in the 
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event that cumulative total had tripled to 1300 ±110 GtCO2 in 2010; and also cumulative CO2 
emissions from forestry and other land use since 1750 increased from 490 ±180 GtCO2 in 1970 to 680 
±300 GtCO2 in 2010. [213] 
Fig. 7 - Total annual anthropogenic GHG emissions (GtCO2eq/yr) by groups of gases 1970-2010; CO2 emission related to 
Fossil-fuel combustion, Industrial processes, Forestry and Other Land Use (FOLU) contributed about 76% (38±3.8 
GtCO2/yr), 16% (7.8±1.6 GtCO2eq/yr) for Methane (CH4), 6.2% (3.1±1.9 GtCO2eq/yr) for Nitrous Oxide (N2O) and 2% 
(1±0.2 GtCO2eq/yr) for Fluorinated gases, of the mentioned total anthropogenic GHG emissions in 2010. Annual GHG 
emissions grew on average by 0.4 GtCO2eq/yr (Giga-tonne Carbon dioxide equivalent per year) from 1970 to 2000 
compared to 1.0 GtCO2eq/yr from 2000 to 2010 that eventually, total anthropogenic GHG emissions from 27 GtCO2eq/yr in 
1970 reached to 49 ±4.5 GtCO2eq/yr in 2010. [213] 
It is clear that, Carbon dioxide emissions from fossil-fuel combustion and industrial processes 
contributed far greater proportion of the total GHG emission increase from 1970 to 2010 (slightly 
more than half of cumulative anthropogenic CO2 emissions from 1750 to 2010 have occurred in the 
last 4 decades!), that it shows importance and efficacy of fossil-fuel utilization. [213] 
Fig. 8 - Emissions of carbon dioxide by humanity (primarily from the burning of fossil-fuels, with a contribution from 
cement production) [113] 
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According to the growing worldwide energy needs and due to its increasing environmental concerns 
(especially related with the use of fossil-fuels), new strategies to limit and decrease the greenhouse 
gas effects are ceaselessly sought. As a solution, with the growing concerns of greenhouse emissions, 
biomass is set to become an important contributor to the world energy need. Today biomass is seen as 
the most promising alternative energy source to stop further greenhouse gas emissions via influence 
on carbon cycle. [67, 142] 
The carbon cycle is the biogeochemical cycle by which carbon is exchanged among the biosphere, 
pedosphere, geosphere, hydrosphere and atmosphere of the Earth. It describes the movement of 
carbon as it is recycled and reused throughout the biosphere and all of its organisms. [168] 
 
Fig. 9 - Schematic of carbon cycle [86] 
 
Since the industrial revolution, human activity has negatively affected the carbon cycle by changing 
its component's functions and directly surcharge carbon to the atmosphere. The largest and most 
direct human influence on the carbon cycle is through direct emissions from fossil-fuels combustion, 
which transfers carbon from the geosphere into the atmosphere. Moreover, humans also influence the 
carbon cycle indirectly by changing the terrestrial and oceanic biosphere. [47, 166] 
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Fig. 10 - This diagram of the fast carbon cycle shows the movement of carbon between land, atmosphere, and oceans in 
billions of tons of carbon per year. Yellow; numbers are natural fluxes. Red; are human contributions in billions of tons of 
carbon per year. White; numbers indicate stored carbon. [69] 
Indeed using biomass as a fuel returns CO2 to the atmosphere too, but the notable point is, this 
released CO2 is a part of the current carbon cycle which it was absorbed by plants via photosynthesis 
(during the growth over the previous few days, months or years) and provided the land continues to 
support growing plant material, a sustainable balance is maintained between emitted and absorbed 
carbon. [224] 
Fig. 11 - Absorbed/Emitted Carbon balance in biomass. 
Considering biomass as a source of energy, it can either be used directly with combustion for heating, 
or indirectly after converting it to the different types of bio-fuel. Biomass is renewable, abundant and 
highly productive, low carbon and atmospheric carbon neutral, substitutive, easy to store and transport 
fuel that is already widely, often economically available and more evenly distributed throughout 
worldwide. Apart from aspects of energy, production and use of biomass also brings additional social 
and environmental benefits. Biomass, if properly managed, offers many advantages, the most 
important being a renewable and sustainable feed-stock for chemicals and energy products, that can 
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deliver a significant reduction in net carbon emissions when compared with fossil-fuels, and 
obviously making it a clean development mechanism (CDM) for reducing greenhouse gas (GHG) 
emissions. [34, 150, 154, 227, 233, 24] 
 
 Biomass Sources and Categories3.3.  
Biomass is a collective term used for all materials that are biogenic in origin, which is, derived from 
the product of photosynthesis. Photosynthesis is a complex set of chemical reactions in which CO2 
and H2O are converted into organic material by getting reduced to carbohydrates using sunlight. This 
process is done by chloroplast units in plants, most algae, cyanobacteria and photo-autotrophs 
organisms which can absorb and use energy of sunlight for producing glucose. In other words, 
photosynthesis involves the massive conversion of sunlight into simple sugars (basis potential source 
of energy) and oxygen, which supplies all of the organic compounds and most of the energy necessary 
for life on earth. It has been estimated that, photosynthesis activity stores 17 times as much energy as 
is annually consumed by all nations in the world! [143] 
 
Fig. 12 - Photosynthesis in a typical plant. [143] 
 
As biological source, biomass comes mainly from plants and their residue, meanwhile animals 
and microorganisms (as well as their organic matters) are important too. There are many plant species 
which are useful as biomass, such that land biomass mainly includes herbal biomass from major farm 
crops and also woody biomass from forests. Wood remains the largest biomass energy source till now, 
which includes forest residues (i.e. dead trees, branches and tree stumps), yard clippings, wood chips 
and even some part of municipal solid wastes. 
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Figure 13 shows common biomass sources, aside from forestry crops and its residues, there are 
agricultural crops and residues (e.g. corn, sorghum, sugar cane, sugar beet, palm oil, straw, etc.), 
industrial residues (e.g. food waste, industrial sewage and other bio-degradable wastes), animal 
residues (e.g. manures, fats, blood, etc.), municipal solid waste (e.g. park and street shrubs and bio-
degradable organic wastes) and municipal sewage (e.g. wastewater and sludge). Most of them can be 
cultivated, converted and utilized for specific purposes, for example woody biomass can be used as a 
source of energy by direct combustion or indirectly after converting to bio-fuels. Moreover, aquatic 
biomass (from oceans, seas, lakes and rivers) can be cultivated in such a case as kelp and algae as an 
important non-food biomass. 
Fig. 13 - Common biomass renewable sources. [19] 
Biomass being so versatile and scattered in nature and includes a wide range of plant, animal and 
micro-organism materials, available on recurring basis. Therefore, there are many ways for 
categorizing biomass and it can be divided into several biomass categories. But there isn’t any well-
established method of categorizing biomass, which is determined differently according to the field; 
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categorization can be based on different parameters and it depends on the purpose and application. 
Apart from the basic classification of biomass resources on their origin basis, that includes plant-
origin and animal-origin; generally there are two methods for categorizing of biomass: first is based 
on types of existing biomass in nature named biological categorization (i.e. categorization according 
to ecology or type of vegetation), and the other one is based on the usage or application as resources. 
The second method is highly significant in terms of making effective use of energy resources. 
[143, 211, 259] 
Table 1 shows one of the most accepted biomass resources and feed-stock categorization, which 
include an extensive range of conventional materials such as a crops and residues from agriculture, 
forestry, fishery and plantation also industrial residues, municipal solid wastes, sewage, etc. 
 Forest products 
- Wood 
- Logging residues 
- Trees, shrubs and wood residues 
- Sawdust, bark, etc. 
 Bio-renewable wastes 
- Agricultural wastes (Plants & Animals) 
- Crop residues 
- Mill wood wastes 
- Urban wood wastes 
- Urban organic wastes 
 Energy crops 
- Short rotation woody crops 
- Herbaceous woody crops 
- Grasses 
- Starch crops 
- Sugar crops 
- Forage crops 
- Oilseed crops 
 Aquatic plants 
- Algae 
- Water weed 
- Water hyacinth 
- Reed and rushes 
 Food crops 
- Grains 
- Oil crops (Soya, Palm oil, etc.) 
 Sugar and Starch crops 
- Sugar cane, Sugar beets, Molasses 
- Sorghum, Corn, Potato, Wheat and Barley 
 Organic wastes 
- Municipal solid waste 
- Municipal sewage and sludge 
- Industrial organic wastes 
 Landfill 
- Hazardous waste 
- Non-hazardous waste 
- Inert waste 
- Liquid waste (Leachate) 
 Others - Algae, Kelps, Lichens and Mosses 
Tab. 1 - Major categories of biomass feed-stocks in general case. [211] 
Basically, biomaterials which are felled from forests or cultivated on farm lands and aquatic 
environments for various specific purposes (e.g. using sugarcane for producing bio-ethanol) are called 
“Virgin Biomass”; whereas the discarded biomaterials in production, conversion and utilization 
processes which used for other purposes (e.g. bagasse is the waste of sugarcane processing and it is 
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used as a bio-fuel for energy supplying of the sugar concentration and ethanol distillation processes) 
are named “Waste Biomass”. On this basis, biomass sources are divided to 3 major categories, 
including; 
A. Natural source (without human interference) such as forests, herbaceous, aquatic plants, etc. 
B. Agricultural source (with human interference) such as agricultural crops and their residues, etc. 
C. Waste source (biologically-derived waste) such as municipal wastes, sewage, food processing 
byproducts, residues and off-specification materials, etc. 
Currently, utilization of waste biomass has become more important for avoiding the conflict of 
bioenergy utilization with food, feed, water and land use. 
 
 Waste Biomass Sources1.3.1.  
Over the past years, agricultural crops (i.e. corn, sugar cane, sweet sorghum, vegetable oil, etc.) have 
been the primary source of bio-fuels for transportation, but increased use of these bio-fuels has caused 
several new problems instead of solutions, including rising food prices and food price volatility, and 
accelerated expansion of agriculture in the tropics! But the key to using biomass resources in a 
beneficial way is to focus on the right resources and use them at an appropriate scale. As a solution 
waste biomass could be sustainably produced and utilized in the world without compromising the 
fertility of agricultural soils, displacing land needed to grow food crops, threatening the health of 
farms and forests and situation of water supplies. [36] 
Waste biomass or biodegradable waste includes wastes and residues discharged from our living, and it 
has a variety of uses, not only for bioenergy but also for animal feeds, fertilizers and industrial 
chemicals. Besides recovery of substantial energy (for generating heat, power and bio-fuels), various 
kinds of transform technologies can lead to a significant reduction in the overall waste quantities 
requiring final disposal (landfill). Waste biomass to energy/product transformation is a suitable 
method for safe disposal and it has greatly reduced environmental impacts of a wide array of wastes. 
For example, it reduces greenhouse gas emissions in two ways; by generating heat and electrical 
energy which reduces fossil-fuels dependence of power plants, and significant reducing of greenhouse 
gas emissions by preventing Methane emissions from landfills (CH4 is much more effective than CO2 
in global warming). [31, 225, 259, 260] 
The most important superiority of waste sources in compare with others is that its feed-stocks can be 
obtained from a wide array of sources without jeopardizing the food and feed supply, forests and 
biodiversity in the world. Because there is a wide range of waste biomaterials that are produced as 
byproducts, residues or wastes from many industrial, agricultural and municipal operations which 
provide large volumes of low cost material, and also many untapped sources of valuable energy 
content waste feed-stocks that can usefully be exploited. 
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Source Feed-stocks Products 
Agricultural 
Residues 
 Husks, shells, straws, leaves and bagasse (e.g. rice husk, 
 coconut husk and shells, olive leaves, cereal straw and sugar 
 cane bagasse 
 Heat, electricity, liquid 
 bio-fuels, bio-char and 
 compost 
Forestry Residues 
 Sawdust, off-cuts, bark and woodchip rejects from wood 
 processing, thinning of plantations, clearing for logging roads, 
 extracting stem-wood for pulp and timber, and natural attrition 
 Heat, liquid and solid 
 bio-fuels, bio-tar 
 and charcoal 
Animal Wastes 
 Livestock manures, farm slurries, poultry litter, fishery and 
 animal husbandry wastewater 
 Heat, biogas, bio-ethanol, 
 compost and fertilizer 
Industrial Wastes 
& 
Co-products 
 Failed quality control foods and blanching fruits and 
 vegetables 
 Peelings and scraps from fruits and vegetables 
 Pulp and fiber from sugar and starch extraction 
 Filter sludge of food and wine industries, and coffee grounds 
 Wastewater of sugar and dairy industries, liquid waste of 
 fruits, vegetables and meats 
 Fats, blood, trash meat and useless organs/parts from 
 slaughterhouse and fishery waste 
 Biogas, bio-ethanol, 
 bio-diesel, bio-tar, 
 compost and animal feeds 
Bio-degradable 
Municipal Solid 
Waste 
 Food scrap and all putrescible wastes from household, 
 commercials, schools, hospitals and street sweeping 
 Papers, cardboards and cartons 
 Time-worn furniture and clothing 
 Construction and demolition woody debris 
 Waste trees, shrubs, leaves and grass clippings from parks, 
 streets and yard trimmings 
 Used various cooking oil and motor oils 
 Bio-degradable  wastes of urban industries 
 Biogas, bio-ethanol, 
 bio-diesel, heat, compost 
 and animal feeds 
Wastewater 
& 
Sewage Sludge 
 Industrial organic wastewater and sewage sludge 
 Municipal wastewater and sewage sludge 
 Animal husbandry wastewater 
 Black liquor 
 Heat, electricity, biogas, 
 bio-ethanol and compost 
Tab. 2 - Waste biomass sources, feed-stocks and products. [34, 225, 260] 
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1.3.2. Bio-Waste Category 
Every year billions of tons of wastes are regularly generated and its quantities are generally growing 
in all countries globally. These wastes are result of activities in residential, commercial, industrial, 
agricultural and sylvan places, and disposal of this huge amount of wastes causes enormous 
environmental problems with many dimensions. Apart from non-biodegradable (stable type of waste 
that can’t be broken down into its base compounds by micro-organisms, air, moisture or soil in a 
reasonable amount of time) and recyclable wastes; municipal, industrial and agricultural waste 
biomass deposits cause spreading pollution of land, air and water on a massive scale. On the other 
hand, waste generation causes materials and energy loosing, and also increases its environmental costs 
(for collection, separation, treatment and disposal) on society. The negative impacts of waste disposal 
such as landfill and incineration are significant, because of their potential for greenhouse gas 
emissions (CH4 and CO2), pollution of soil, ground water and air (NOx, H2S, HCl, HF, CO, odour and 
dust), trans-boundary migration of organic micro-pollutants (Dioxins and Furans) and volatile heavy 
metals. [22, 58, 136] 
 
Todays, intense developing of urbanization in societies causes a significant increase in proportion of 
urban population to rural population which has brought enormous increase in the quantum and 
diversity of municipal waste biomaterials. This growing huge amount of waste biomass has an 
extreme potential for converting to bio-energy and bio-material products. Meanwhile, using municipal 
waste biomass sources is appreciably reduced dependency on agriculture, which is an appropriate and 
affordable source of biomass for industrial base, densely populated and developing countries! 
Accordingly there are several municipal waste biomass categories for grouping urban biomass sources 
based on their utilization, the most recent one named “bio-waste” which is presented by the European 
Union Parliament in 2010. 
 
Bio-waste as defined in the revised Waste Framework Directive includes: 
a) Garden and park waste; 
b) Food and kitchen waste from households, restaurants, caterers and retail premises; 
c) As well as comparable waste from food processing plants. 
 
It does not cover forestry or agricultural residue or manure and it should not be confused with the 
wider term “biodegradable waste” which includes also other biodegradable materials such as wood, 
paper, cardboard, carton, natural textiles and sewage sludge. [58] 
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Fig. 14 - Potential sources of biodegradable waste and bio-waste. [214] 
Unfortunately, bio-waste category is new even in EU Member States and considering this reason there 
isn’t specific data about it in many countries. In the EU between 120 and 140 million tonnes of bio-
waste are produced every year (it corresponds to approximately 300 kg of bio-waste produced per EU 
citizen per year.), of which about 90 million tonnes is municipal waste (in 2011), and it is projected to 
increase on average by 10% by 2020. It is notable that on the EU average, 40% of bio-waste is still 
landfilled (up to 100% in some Member States)! 
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As mentioned, landfilling invokes major environmental risks (i.e. soil and groundwater pollutions and 
GHG emission, primarily methane) and withdraws valuable resources irrevocably from economic and 
natural cycles (i.e. compost and bio-energy products). 
Description EWC Notes 
Kitchen and Canteen 
waste 
(food waste) 
20 01 08 
 From households, restaurants, canteens, bars, coffee shops, hospital 
 and school canteens, super markets, etc. 
Garden and Park waste 20 02 01  From private gardens, public parks, boulevards & other green urban areas. 
Mixed municipal waste 20 03 01 
 Waste from households as well as commercial, industrial and institutional 
 waste, which because of its nature and composition is similar to waste 
 from households, but excluding fractions that are collected separately 
 at source and excluding the garden and park waste. 
Waste from public 
markets 
20 03 02  Only biodegradable materials equivalent to codes 20 01 08 and 20 02 01. 
Tab. 3 - Municipal biodegradable waste types that contribute to bio-waste and related European Waste Codes. [56, 57] 
Bio-waste management is covered by several pieces of EU legislation (Appendix I). The Waste 
Framework Directive (2008/98/EC) requires Member States to develop waste management policies 
that protect the environmental and human health and ensure a sustainable use of natural resources. 
Prevention of waste is the best option (Waste Hierarchy - Article 4), followed by re-use, recycling and 
energy recovery. And also, disposal (landfilling, incineration with low energy recovery) is defined as 
the worst environmental option. The Landfill Directive (1999/31/EC) aims to reduce, as far as 
possible, the negative effects of landfilling waste. It requires Member States to progressively reduce 
landfilling of municipal biodegradable waste to 35% by 2016 (compared to 1995). Member States 
which relied heavily on landfilling in 1995 have a four year extension period. The Directive on 
Renewable Energy Sources (2009/28/EC) also relates to bio-waste and encourages its use to replace 
fossil-fuels. [59, 61, 71, 73] 
The following benefits as untapped potentials could be reached if material recycling and energy 
recovery of bio-waste are maximized in EU member states: 
» Financial savings for citizens; e.g. one-third of food bought by UK households becomes waste, 
whereas up to 60% of this waste could theoretically be avoided (about €12 billions).  
 
» Avoiding about 10 million tonnes CO2-equivalent emissions; i.e. a 4% contribution to the 2020 
EU target of 10% reduction compared to 2005 emissions for the sectors not covered by the 
Emission Trading Scheme. In case of ambitious prevention policies up to 44 million tonnes CO2-
equivalent could be avoided. 
 
» About one-third of the 2020 EU target to use renewable energy in transport could be met by using 
the biogas produced from bio-waste as vehicle fuel and around 2% of the overall renewable 
energy target could be met if all bio-waste is turned into energy. 
 
 23 
 
» Increased market for quality compost by a factor of 2.6 to reach about 28 million tonnes. 
 
» Resource savings by substituting 10% of Phosphate fertilizers, 9% of Potassium fertilizers and 8% 
of Lime fertilizers with compost. 
 
» Improving 3% to 7% of depleted agricultural soils in the EU with compost and addressing the 
problem of degrading soil quality in Europe. 
 
» Synergies, e.g. anaerobic digestion can contribute to bio-fuels and CO2 emission targets and also 
to soil improvement if digestate is used on soil. 
The benefits demonstrate a considerable potential that can help to meet environmental objectives, in 
particular where they are the most cost-effective solution. 
 
1.4. Biomass Characterization 
The properties of biomass feed-stock (e.g. bio-waste, etc.) are among the key factors that influence the 
selection of the processing technology and its design, operation, efficiency, maintenance schedule, 
etc. Therefore, biomass characterization (physical and chemical) is the prime stage for efficient 
utilization of its material or energy potential. The characterization of the conversion processes of a 
typical biomass to bio-products requires a large array of methods and analytical systems to extract the 
meaningful parameters necessary to describe the solid materials and the conversion liquors. To 
maximize the benefit of biomass as a material or energy feed-stock, the ability to conduct reliable 
material characterization at multiple length scales, targeting specific recalcitrance-related properties is 
essential. [33, 103] 
Biomass can be problematic for many characterization techniques because it is a soft, hydrophilic, 
heterogeneous, multi-component, polymeric, and non-conducting material. Heating value, chemical 
composition, moisture content, size, specific surface area, morphology, bulk density, hardness, the 
amount of solid and liquid carbon, the amount of volatile matters, ash and nutrient are common 
characteristics that affect biomass properties. In an analogous vein, there are various kinds of 
analyzing and measurement methods and devices for determining characteristics of different biomass 
feed-stocks and products, such as Fourier Transform Infrared spectrometer (FT-IR / FT-MIR / FT-
NIR) for investigating sorption of nutrient ions on biomass residues, Fast Protein Liquid 
Chromatography (FPLC) and High performance Liquid Chromatography (HPLC) for composition 
analysis, Nitrogen sorption isotherm (Volumetric gas adsorption - SSAs) for specific surface area 
measurement, Scanning electron microscopy (SEM) for morphology analysis, Technical Association 
of the Pulp and Paper Industry methods (TAPPI-UMs) for measuring water retention values, etc. 
[103, 251] 
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Analysis Brief description 
Structure   SEM, Microscopy, TEM, MALDI Imaging, FQA Fiber Dimensions 
Basic Constituents 
  Lignin, Cellulose, Hemicellulose, Extractives‐Tannins; 
  Ash, Elemental Analysis, Porosity 
Structure of 
Lignin & Tannins 
  DP‐Molecular Weight: Gel permeation chromatography (GPC) 
  Functional Group Analysis: 1D, 2D NMR, FT‐IR, UV‐Vis, Wet‐Chemistry, NIR 
Structure of 
Cellulose 
  DP‐Molecular Weight: Gel permeation chromatography (GPC), MALDI 
  Ultrastructure: 13C CP/MAS NMR, FT‐IR 
Structure of 
Hemicellulose 
  DP‐Molecular Weight: Gel permeation chromatography (GPC) 
  Sugar Profile: Hydrolysis and anion‐exchange chromatography 
  Functional Group Analysis: 1D, 2D NMR, FT‐IR, GC/HPLC/MS 
Extractives   Structure Identification and quantification by GC/MS 
Inorganic Elements   Inductively coupled plasma‐atomic emission spectrometry 
Triglycerides and 
Related Compounds 
  Structure Identification by GC/MS, 1D, 2D NMR 
Tab. 4 - Some typical biomass characterization technologies for virgin and waste biomaterials. 
 
1.5. Biomass Composition 
The composition of biomass varies significantly among different types of biomass. Different kinds of 
biomass have different components, and some of these primary components are lignin, hemicellulose, 
cellulose, starch, glucose, fats and proteins. Plants mainly consist of lignin, hemicellulose and 
cellulose, grains have much starch and oils and roots have much simple sugars, while livestock wastes 
have many fats and proteins (with different component percentages). Cellulose, hemicellulose and 
lignin are universally found in many kinds of biomass, and they are the most plentiful natural carbon 
resources on Earth. 
 
Cellulose: 
This organic compound with the molecular formula [C6H12O6]n, is a poly-saccharide consisting of a 
linear chain of several hundred to many thousands of mono-saccharide unit (D-glucose) which is 
linked uniformly by β-glucosidic bonds (the degree of polymerization, indicated by n). It is the most 
abundant organic polymer on Earth, which is an important structural component of the primary cell 
wall of green plants, many forms of algae and some micro-organisms (e.g. cellulose content of wood 
is 40-50%). Total hydrolysis of cellulose yields D-glucose, but partial hydrolysis yields a di-
saccharide (cellobiose) and poly-saccharides in which n is in the order of 3 to 10. Cellulose has a 
crystalline structure and great resistance to acids and alkalis, and also it is insoluble in water. [49, 259] 
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Hemicellulose: 
This compound also known as Polyose with the average molecular formula [C5-6H8O4]n, is any of 
several heteropolymers (matrix poly-saccharides with 5 to 6-carbon mono-saccharides), present along 
with cellulose in almost all plant cell walls. All hemicelluloses (i.e. xylan, glucuronoxylan, 
arabinoxylan, glucomannan and xyloglucan) vary in amounts depending on tree species and the part 
of the plant. Unlike cellulose which is crystalline, strong and resistant to hydrolysis, because the 
degree of polymerization of hemicellulose n is 50 to 200, which is smaller than that of cellulose, 
hemicellulose has a random and amorphous structure with little strength that it breaks down more 
easily than cellulose. Many hemicelluloses are soluble in alkaline solutions and they are easily 
hydrolyzed by dilute acid or base as well as myriad hemicellulose enzymes. [118, 259]  
Lignin: 
This compound is a complex polymer of aromatic alcohols (mono-lignols i.e. phenyl-propane and its 
derivatives) with the approximate formula [C31H34O11]n, and its composition varies from species to 
species. It is one of the most abundant organic polymers on Earth (exceeded only by cellulose), which 
is most commonly derived from wood, and is an integral part of the secondary cell walls of plants and 
some algae (e.g. lignin constitutes 30% of non-fossil organic carbon and 25-33% of the dry mass of 
wood). Its complex 3-dimensional structure is decomposed with difficulty by micro-organisms and 
chemicals, and its function is therefore thought to be conferring mechanical strength and protection. 
[151, 259] 
Starch: 
This carbohydrate also known as Amylum with the general formula [C12H22O11]n, is a poly-saccharide 
(like cellulose) whose constituent units are D-glucose, but they are linked by α-glycosidic bonds. It 
has two types of molecules, the linear and helical Amylose (20-25%, low MW) and the branched 
Amylopectin (75-80%, high MW), which the former is partly soluble in hot water. This poly-
saccharide is produced by most green plants as an energy store. Starch is found in seeds, tubers, roots 
and stems, and has a very high value as food, and also it is one of the most common carbohydrates for 
bio-energy production. [212, 259] 
Proteins: 
They are biological macromolecular compounds with general structural molecular formula  
[-NH2CHRCOOH], in which amino acids (monomers) are polymerized to a high degree by peptide 
bonds. Properties differ depending on the kinds and ratios of constituent amino acids, and the degree 
of polymerization. Proteins are not a primary component of biomass, and account for a lower 
proportion than do the previous three mentioned carbohydrates, but as a fuel, proteins contain about 4 
kcal/gr energy. [183, 259] 
 
26 
 
Fats: 
They are a wide group of compounds that are generally soluble in organic solvents and generally 
insoluble in water. There are many different kinds of fats, and chemically all of them are derivatives 
of the same chemical structure (fatty acids and glycerol), which originated from oil seeds, milk and 
meats. Fats may be either solid (named fat; e.g. suet, ghee, lard, tallow, butter, vegetable shortening, 
etc.) or liquid (named oil; e.g. vegetable oils, seed oils, olive oil, etc.) at room temperature, depending 
on their structure and composition. As a fuel, fats are a high-density source of energy (9 kcal/gr). [96] 
 
Fig. 15 - Chemical structures of major biomass components. 
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Other components: 
The amounts of other organic components vary widely depending on specie, for example there are 
some high value organic components in massive amounts such as sugars (in sugarcane, sugar beet, 
etc.), while alkaloids, terpenes, natural waxes and pigments are other examples which are found in 
small amounts, but they have very high added value as pharmaceutical ingredients. Normally biomass 
comprises organic compounds, but it also contains inorganic substances in trace amounts. [259] 
Ash: 
The non-combustible content of biomass is referred to as ash, indeed it is the general term used to 
describe the inorganic matter in a fuel. In biomass, the ash content may originate from the biomass 
itself or from the supply chain. Substances and their amounts differ according to the type of feed-
stock. Generally, the ash content of woody biomass (1-3%) is lower than other types. In waste 
fractions, the ash content may often be as high as 30-50% and is only scarcely less than 10% (for bio-
waste). On the basis of European Standards (EN 15290 & EN 15297) ash contents exist in two main 
groupings of elements. [226, 259] 
Minor elements have very small concentrations in which they are typically found in the fuel, 
include As, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Sb, V and Zn. The toxic elements in ash (i.e. 
Hg, Cr and Cd) may return to the environment upon its disposal, that relate mostly to 
environmental concerns. Other elements (i.e. Zn) may have a role in the formation of aerosols 
or a minor impact on fouling issues. 
Major elements are most abundant in the fuel ash; include Al, Ca, Fe, Mg, P, K, Si, Na and 
Ti, which don’t have significant environmental issues, but they have a major impact on the 
ash melting behavior (i.e. slagging, fouling and corrosion) in systems. However, high 
concentrations of some elements may indicate fuel contamination with soil or sand. Si, K, Ca, 
Na and P are the most important macro-nutrients after Nitrogen in plants. 
Different chemical structures of components, affect their reactivities differently too. From the 
standpoint of energy use, fuel performance is related to the composition of the biomaterials. Important 
factors include ash, C, H, N, S, O and Cl content. [32] 
(C): The carbon content of biomass is normally around 45%, while coal contains 60% or 
greater. Higher carbon content leads to a higher heating value. 
(H): The hydrogen content of biomass is usually around 6%. Higher hydrogen content leads 
to a higher heating value too. 
(N): The nitrogen content of biomass varies from 0.2% to more than 1% (in proteins). Fuel-
bound nitrogen is responsible for most nitrogen oxides (NOx) emissions produced from 
biomass combustion. Lower nitrogen content in the fuel should lead to lower NOx emissions. 
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(S): Most biomass fuels have a sulphur content below 0.2%, with a few exceptions as high as 
0.5-0.7%, while coal has range from 0.5-7.5%. Sulphur oxides (SOx) are formed during 
combustion and contribute significantly to particulate matter (PM) pollution and acid rain. 
Since biomass has negligible sulphur content, its combustion does not contribute significantly 
to SOx emissions.  
(Cl): Combustion of biomass with high chloride concentrations (over 1 mg/g) can lead to 
increased ash fouling. High chloride content leads to the formation of hydrochloric acid, 
resulting in corrosion that can lead to fast amortization in related systems. 
  Parameter Wood waste Switch grass Corn stover 
  Proximate Analysis (wt. %) 
  Moisture 42.00 9.84 8.00 
  Ash 2.31 8.09 6.90 
  Volatile matter 47.79 69.14 69.74 
  Fixed Carbon 7.90 12.93 15.36 
  Ultimate Analysis (wt. % ) 
  Carbon 29.16 42 42.60 
  Hydrogen 2.67 5.24 5.06 
  Oxygen 23.19 33.97 36.52 
  Nitrogen 0.60 0.69 0.83 
  Sulfur 0.07 0.17 0.09 
  Moisture 42 9.84 8.00 
  Ash 2.31 8.09 6.90 
  Chlorine (%) 0.01 0.18 0.24 
  Higher Heating Value (Btu/lb, A.R.) 5028 7002 7000 
  Ash Elemental Analysis (% Dry) 
  Al2O3 3.55 4.51 3.80 
  BaO - - - 
  CaO 45.46 5.60 8.80 
  Fe2O3 1.58 2.03 1.80 
  K2O 8.52 11.60 17.30 
  MgO 7.48 3.00 3.40 
  MnO - - - 
  Na2O 2.13 0.58 1.50 
  P2O5 7.44 4.50 2.70 
  SiO2 17.78 65.18 52.10 
  SrO - - - 
  TiO2 0.50 0.24 0.13 
  SO3 2.78 0.44 3.70 
Tab. 5 - Typical biomass composition. [239] 
 
1.6. Biomass Conversion Technologies 
Great potentials, economic viabilities and various social and environmental benefits of biomass have 
caused it is considered as one of the main renewable energy resources for the future. It was estimated 
that about 38% of the world’s direct fuel use and also 17% of the world’s electricity are may provide 
from biomass until 2050. By the same token, along with efficient biomass production, if biomass is 
used with modern conversion technologies and efficient processes, it can supply a significant range 
and diversity of fuels at small and large scales. [65, 255] 
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Raw bio-material separation and selection is the first step for biomass utilization. Biomass feed-stocks 
are marked by their enormous variety, which makes them enough difficult to characterize as a whole. 
Aside non-biodegradable organic feed-stocks (i.e. most plastics) which are not convertible by 
conventional processes, other bio-based materials (including forest products and wastes, agricultural 
residues, organic fractions of municipal solid wastes, food wastes, green wastes, papers and 
cardboards, biodegradable polymers and other wastes) mainly can be utilized by various conversion 
technologies which require pretreatment by physical, chemical or biological processes to open up the 
structure of biomass. [4, 211] 
 
Biomass is quite various and different in its chemical and physical properties, moisture content, 
mechanical strength and other things, and their related conversion technologies to material/energy 
products are diversified too. There are many conversion technologies and processes (physical, 
chemical and biological) available for changing and modifying the quality of biomass to match its 
utilization purposes. Table 6 illustrates related typical conversion technologies, which biomass is put 
on the bottom and converted by using various techniques to match its utilization purpose. [259] 
 
Physical conversions such as milling, grinding and steam explosion are usually used to decompose the 
structure of crude biomass for increasing its surface areas to accelerate chemical, thermal or biological 
processes. Moreover it includes separation, extraction and distillation for obtaining useful biomass 
ingredients, as well as drying/moisture adjusting and densification, for converting biomass to 
modified form and suitable for transportation and storage. In addition, produced heat from biomass is 
converted to mechanical power by using some heat cycles including Rankine cycle (steam engine), 
Brayton cycle (gas turbine), Otto cycle (gasoline engine), Diesel cycle (Diesel engine) and others, 
then mechanical power convert to electricity through electromagnetic induction of electric generator. 
Meanwhile, some physical conversion technologies (i.e. separation, milling, grinding, extraction and 
moisture regulation) are often used as the pretreatment processes for accelerating the main processes. 
 
Chemical conversions include combustion, gasification, pyrolysis, hydrolysis, hydrothermal reactions 
and carbonization are almost always used to decompose biomass. Other chemical conversion 
technologies such as hydrogenation, synthesis and polymerization are used for constructing 
new/modified molecules or biomass reforming. Moreover, hydrogen production processes (i.e. partial 
oxidation, steam reforming, plasma reforming and co-gasification), photo oxidation and photo-
catalytic oxidation are especially used for Hydrogen producing. In addition, chemical electric 
generation of electrons in biomass oxidation process can be used for fuel cells technology to generate 
electricity. 
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Biological conversions are mainly composed of fermentation processes (e.g. methane, methanol, 
ethanol, acetone-butanol and hydrogen fermentation), digestion processes (aerobic and anaerobic 
digestion for biogas producing) and enzymatic hydrolysis processes (e.g. 2
nd
-generation bioethanol 
and hydrogen production). Moreover, grub composting and CORS (conversion of organic refuse by 
saprophages) are used to decompose biomass in the soil for modifying soil quality and enriching 
fertilizers by using grubs, worms, fungi and saprotrophic decomposers. In addition, photosynthesis 
processes are important to improve biomass systems (by energy production) and also biological 
hydrogen production through photo-fermentation and photo-biological water splitting (by green algae 
and cyanobacteria). Furthermore, microbial fuel cells can consume biomass in aquatic environment 
(e.g. wastewater) and produce hydrogen and electricity by using bio-catalyzed electrolysis with some 
micro-organisms and plants. Meanwhile, bio-synthesis is a multi-step enzyme-catalyzed process 
which is especially used for producing, modifying or converting some specific complex organic 
materials (e.g. macro-molecules) from simple compounds of biomass by using anabolism ability of 
some micro-organisms. 
[11, 21, 30, 41, 78, 87, 108, 115, 120, 161, 249] 
Bio-energy Products 
(   Solid Bio-fuel   ,   Liquid Bio-fuel   ,   Gas Bio-fuel   ) 
Bio-material Products 
( Food   ,   Feed   ,   Fertilizer   ,   Fiber   ,   Modified feed-stocks   ,   Forest-products   ,   Fine-chemicals )   E
lectricity fro
m
 M
ech
an
ical P
o
w
er 
  P
o
w
er fro
m
 H
eat cycles 
  D
ryin
g   an
d
   M
o
istu
re A
d
ju
stin
g 
  D
en
sificatio
n
 
  S
ep
aratio
n
 
  D
istillatio
n
   an
d
   E
xtractio
n
 
  C
ru
sh
in
g   an
d
   S
team
 E
xp
lo
sio
n
 
  C
o
m
b
u
stio
n
 
  G
asificatio
n
   (P
artial O
xid
atio
n
) 
  P
yro
lysis   an
d
   T
o
rrefactio
n
 
  H
yd
ro
-T
h
erm
al   (H
T
U
, H
P
C
, etc.) 
  H
yd
ro
lysis 
  S
yn
th
esis   (T
ran
s-esterificatio
n
, etc.) 
  C
arb
o
n
izatio
n
 
  P
o
lym
erizatio
n
 
  H
yd
ro
gen
atio
n
 
  H
yd
ro
gen
 p
ro
d
u
ctio
n
 
  P
h
o
to
 /
 P
h
o
to
-C
atalytic O
xid
atio
n
 
  F
u
el C
ells (C
h
em
ical E
lectric G
en
eratio
n
) 
  G
ru
b
 C
o
m
p
o
stin
g   an
d
   C
.O
.R
.S
. 
  D
igestio
n
 
  F
erm
en
tatio
n
 
  E
n
zym
atic T
reatm
en
t   (H
yd
ro
lysis) 
  B
io
-syn
th
esis 
  P
h
o
to
syn
th
esis   an
d
   P
h
o
to
-ferm
en
tatio
n
 
  M
icro
b
ial F
u
el C
ells 
Physical Conversion Chemical Conversion Biological Conversion 
Pretreatment 
(   Separation         &         Crushing         &         Moisture Adjusting   ) 
Biomass Raw Materials 
(   Virgin Biomass                     &                     Waste Biomass   ) 
Tab. 6 - Biomass to utilization purpose and related pretreatment and conversion technologies. 
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For biomass utilization, a raw bio-material is selected among various kinds of biomass by taking into 
consideration of its utilization purpose, demand and availability. Then, the raw material is converted 
to new bio-material or bio-energy product. [259] 
Biomass is utilized as diversified bio-material products such as food, feed, fiber, modified feed-
stocks, forest products, fertilizers and fine chemicals, which their carbon is kept in the material and 
doesn’t emit any greenhouse gas. Producing bio-energy products such as bio-fuels (solid, liquid and 
gas bio-fuels), which usually derive from final stages, is another utilization of biomass which 
ultimately decomposes into CO2 or CH4 and emits in the atmosphere. [259] 
Evaluation of the conversion processes is done in terms of product quality, energy efficiency, yield 
and system economy. For example, researches which make biomass as a source of energy possible to 
develop environmentally friendly and cost effective conversion technologies have been done for 
decreasing of fossil-fuel dependence, reducing of carbon dioxide emission and activating of rural 
economies. 
Generally, biomass conversion and utilization system designing has notable items including; 
fluctuation of biomass supply, means and cost of transportation and storage, managing organization 
and rules which are in harmony with the relevant regulations, as well as the economy of the total 
system. [13, 83] 
 
1.7. Bio-Waste Conversion Technologies 
Bio-waste collection and separation is the first step for its utilization. Since the risk of contaminated 
bio-waste is too high when using mixed waste (without separation), recommended treatment methods 
(i.e. anaerobic digestion, composting, pyrolysis and gasification) that are used for bio-material/energy 
production won’t be affordable and effective. 
Aside from landfilling as main disposal method, some methods are used for both selective and mixed 
collected bio-waste, for example incineration can also treat oversized rejects from green waste 
compost facilities. Generally, pyrolysis and gasification are much less applied than the other treatment 
technologies for bio-waste conversion. 
According to the main bio-waste treatment methods in the Table 7 each conversion technology has 
several essential factors that can affect environmental performance and must be considered. 
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Source 
Conversion 
Technology 
Characterization 
S
e
p
a
r
a
te
d
 B
io
-w
a
st
e 
Anaerobic 
Digestion 
 Solid and liquid digestion with and without post-composting of digestate composting, 
 efficiency of the energy recovery, dry or wet, mesophilic or thermophilic, continuous or 
 discontinuous, one-stage or multi-stage. Gains linked to energy production and use as 
 fertilizer in agriculture. 
Composting 
 Open and closed types (pile, tunnel, composting in boxes/containers, etc.), centralized or 
 home composting, type of ventilation system, maturation time. Gains linked to use as 
 fertilizer in agriculture. 
Pyrolysis 
& 
Gasification 
 Mainly applied on dry streams, with the view of burning for energy recovery. They are 
 intrinsically attractive technologies but still present technical challenges and cannot be 
 considered as technically mature enough for bio-waste management. Could also be 
 applied on mixed streams. 
M
ix
ed
 W
a
st
e 
B
io
-w
a
st
e 
+
 N
o
n
-o
rg
a
n
ic
 w
as
te
 
Mechanical 
Biological 
Treatment 
(MBT) 
 Is the pre-treatment to separate biodegradable waste followed by treatment similar to 
 source separated waste. Separation is based on mechanical properties. Possible treatments 
 of organic fractions are: composting (stabilization), and anaerobic digestion with energy 
 recovery. In case of anaerobic digestion, additional treatment of the digestate is needed 
 (composting) before use as filling/covering material or before incineration. 
Mechanical 
Heat 
Treatment 
(MHT) 
Incineration 
 Type of flue gas treatment. Efficiency of the energy recovery (energy recovery is currently 
 widespread and even systematic in new plants). 
Landfilling 
 The recovered landfill gas can either be burnt in flares or be recovered for energy 
 (electricity and/or heat) generation. 
Tab. 7 - Major methods for bio-waste treatment. 
 
1.7.1. Landfilling 
Conventional landfilling typically relies on anaerobic degradation of waste in an area of land that is 
used to dump waste, either directly on the ground (land-raising) or filling a hole in the ground 
(landfilling). Other typical equipment and facilities include bottom liner, top soil cover, gas and 
leachate collection and treatment systems. 
New “active landfilling” methods such as leachate recirculation, waste flushing and air injection 
which are equipped by bio-reactor and semi-aerobic technologies often use the collected gas for 
electricity and heat generation, and also reduce the duration of active operations required at the 
landfills, thus enhance the overall environmental value changes according to the efficiency of energy 
recovery in compare with classic landfilling methods. 
Landfill gas generation (carbon content of the waste, carbon degradation rate and the specific 
degradation condition), landfill gas capture (for energy generation), leachate (generated leachate, 
collected leachate and not collected leachate), life of the landfill site (the long tail of landfill gas 
production) and land use, are parameters which play an important role in determining the 
environmental performance of biodegradable waste landfilling. [105] 
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Fig. 16 - Schematic of typical modern landfilling. [81] 
As an important output, landfill gases is a complex mix of different gases created by the action of 
microorganisms within a landfill, which contain methane, biogenic carbon dioxide and small amounts 
of other gases that produce a sweet and sickly smell. Generated gases can be flared (CH4 is converted 
to CO2), recovered to produce energy (heat, electricity or combined heat and power in CHP systems) 
or released to the atmosphere (CH4 is emitted to the atmosphere, which has twenty times the global 
warming potential of CO2). 
Another output is leachate which is the liquid produced in a landfill site. It varies widely in 
composition depending on the age of the landfill and the type of waste that it contains. Landfill 
leachate can usually contain both dissolved and suspended materials including complex mixture of 
organic acids, aldehydes, alcohols, simple sugars, toxic compounds, metal salts, different micro-
organisms and other pollutants. It is anoxic and may be effervescent with dissolved and entrained 
gases (e.g. CH4, CO2, etc.) and can be black, brown or yellow in colour. If it is not collected, it will 
easily emit to soil, surface water and ground water as hazardous pollutants. 
From another point of view and as a drawback, landfilling takes up land which cannot then be used 
for other purposes! It is widely agreed that landfilling is not a sustainable option for the future because 
of the negative environmental consequences. 
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In any life cycle assessment (LCA) including landfill operations involving bio-waste, key aspects 
include biogas production, capture efficiency and gas use to produce energy. It is interesting to know 
that one tonne of biodegradable waste produces about 400-500 m
3
 of landfill gas! Efficient gas 
capture and recovery allow for more energy production, resource saving, and less odours, fugitive 
gases and CH4 emissions that would contribute adversely to air pollution and climate change. 
However, land filling can be a suitable interim solution under specific circumstances, until 
ecologically preferable bio-waste management options can be fully established, and according to 
European legislation in landfill Directive (1999/31/EC), landfilling of biodegradable waste must away 
from landfills progressively. 
[75, 105, 144, 145, 146, 148, 214] 
 
1.7.2. Mechanical Biological Treatment 
Mechanical-biological treatment (MBT) is a general term covering a variety of combinations of 
centralized mechanical separation systems linked to one or several biological treatment methods, 
which allow; a) Extraction of biodegradable waste for specific treatment, b) Pre-treatment of 
biodegradable waste to be landfilled, reducing its mass and stabilizing it, c) Diversion of the 
biodegradable fraction from landfill. 
These systems enable the recovery of materials contained within the mixed waste and facilitate the 
stabilization of the biodegradable component of the material. Reducing volume and mass of waste, 
with stabilizing biodegradable part of municipal solid waste, is another utilization of it for better 
landfilling, which causes reduction of landfill odours, biogas generation, and generation of leachate 
with lower concentrations of organic matter and pollutants. It is frequently employed to comply with 
the Landfill Directive, to reduce the biodegradable fraction of waste going directly to landfill. 
Fig. 17 - Schematic of conventional MBT process. [157] 
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MBT systems combine several types of waste processing include mechanical and biological units. 
The mechanical process usually is sortation/separation which typically involves factory style 
conveyors, industrial magnets, eddy current separators, trommels, shredders and other tailor made 
systems, or the sorting is done manually at hand picking stations. The biological process can be 
aerobic (classic composting, partial composting or bio-drying) or anaerobic (fermentation). 
Compost-Like Output (CLO), recyclable materials (e.g. metals, plastics, paper and glass), biogas and 
refuse derived fuel (RDF, a high caloric value pellets of fluff) are the major outputs can be recovered 
from MBT facilities. Generation of a variety of gaseous pollutants such as CH4, NH3 and N2O, is a 
drawback for MBT systems which makes them crucial to implement extensive emission control 
measures, also CLO is not suitable for application on soil because of the high contamination risk. 
[105, 157, 214] 
Besides MBT, mechanical heat treatment (MHT) is another alternative waste treatment technology 
that is also commonly termed Autoclaving. It involves a mechanical sorting or pre-processing stage 
with technology often found in a material recovery facility, which is followed by a form of thermal 
treatment that might be in the form of a waste autoclave or processing stage to produce RDF pellet. 
Fig. 18 - Schematic of conventional MHT process. [159] 
MHT is a relatively new term that is used to describe configurations of mechanical and thermal, 
including steam based technologies, also it is sometimes grouped along with mechanical biological 
treatment (MBT), but without a stage of biological degradation (anaerobic digestion or composting). 
The generic purpose of these processes is to separate a mixed waste stream into several component 
parts, to give further options for recycling, recovery and in some instances biological treatment. The 
processes also sanitize the waste, by destroying bacteria present, and reduce its moisture content. 
MHT can reduce the volume of municipal solid waste by 60-70%, and also can stabilize waste and 
produce material suitable for energy generation. Major outputs of this multi-steps process are 
somewhat similar to MBT. [158, 159] 
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1.7.3. Incineration 
Incineration is a thermal waste treatment process that involves the combustion of organic substances 
contained in waste materials, which converts waste into ash, flue gas and heat. It is used to treat of 
solid and liquid wastes for reducing their volume and hazard (by capturing, concentrating or 
destroying potentially harmful substances). 
Incineration is classified according to the type of waste incinerated, including; 
a) Mixed municipal and similar industrial and commercial waste incineration 
b) Hazardous waste incineration (i.e. biological medical waste) 
c) Sewage sludge incineration 
d) Pre-treated municipal or other pre-treated waste incineration (co-combustion of RDF) 
In the case of bio-waste, there is approximately no residue from incineration, because it is fully 
combustible or evaporable which converts to gas, water vapour and fly ash! 
Fig. 19 - Schematic of an incineration process. 
Incineration processes can provide recovery of the energy, minerals and chemical contents from 
waste. Accordingly, waste-to-energy is the most important output of incineration which can converts 
waste into hot water, super-heated steam and electricity. Solid residues are another output of 
incineration which are resulted from two steps; first, “bottom ash” that is directly obtained from 
incinerator and it has two parts including Ferrous metals (i.e. iron, cast iron and steel) and Non-
ferrous metals (i.e. Al, Cu, Zn, Pb, Cd, etc.), which can be used as second raw material in road 
construction, foundation, as aggregate in asphalt and concrete and as landfill capping layer. And the 
second, “air pollution control residues” (APC) that separated indirectly from the incinerator flue gas 
in scrubbers, which typically consist of fly ash, boiler ash, activated coal, flue gas cleaning reaction 
products and unreacted flue gas cleaning chemicals. Some of them can be used to produce secondary 
raw materials for chemical industries (e.g. NaHCO3). The total amount of ash produced by municipal 
solid waste incineration ranges from 4-10% by volume and 15-20% by weight of the original quantity 
of waste, and the fly ash (APC) amounts to about 10-20% of the total ash. Just in case of bio-waste, it 
is fully burned during incineration and produces only some fly ash but no bottom ash in practice. 
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Unfortunately, waste incineration usually generates a broad range of gaseous pollutants as important 
output, including CO2, CO, NOx, SO2, halogens, metals (e.g. Hg), micro-pollutants and some toxic 
and persistent organics such as Dioxins, Furans, PAHs and PCBs, which lead to negative 
environmental impacts and adverse effects on human health that are not in line with current emission 
limits (Directive 2000/76/EU). 
There are various types of incinerator design depends on the type, amount and composition of waste, 
including burn pile, burn barrel, moving grate, fixed grate, rotary-klin and fluidized bed. Emission 
levels, energy recovery efficiency, type of energy that is substituted by the energy produced from the 
incineration process, amount and type of residues, distribution of pollutants among air emissions, 
water emissions and residues are the most highlighted parameters that affect overall environmental 
performance of an incineration plant, which depend on waste composition (net calorific value), 
emission control technology (Waste Incineration Directive - 2000/76/EC), energy balance (energy 
recovery efficiency, type of energy recovered and substituted alternative energy source) and 
efficiency of material recovery. 
[105, 123, 214] 
 
1.7.4. Pyrolysis 
Pyrolysis is a thermochemical decomposition of organic fractions in the waste at elevated 
temperatures in the absence of oxygen (or any halogen) and typically occurs under pressure. It is a 
type of thermolysis, and involves the simultaneous change of chemical composition and physical 
phase, and is irreversible. If volatile or semi-volatile materials are present in the waste, thermal 
desorption will also occur. 
A wide range of biomass feed-stocks can be used in pyrolysis processes. Organic materials are 
transformed into gases (may be combusted to generate electricity.), small quantities of liquid, and a 
solid residue (char) containing fixed carbon and ash which may require disposal (e.g. landfilling) or 
additional processing (e.g. gasification). 
Major outputs from pyrolysis of biodegradable waste include soot, charcoal, bio-char, bio-oil, bio-tar 
and syngas (CO and H2), which used as fine chemicals in chemical industries, as fertilizers, as fuels or 
for energy production. Meanwhile, pyrolysis enables to convert non-biodegradable organic waste such 
as plastic waste and waste tire into liquid fuel (similar to diesel) and carbon black. 
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Fig. 20 - Schematic of typical biomass pyrolysis process. [15] 
 
Most of pyrolysis reactors such as vortex, entrained flow, circulating fluid bed, rotary kiln, rotary 
hearth furnace, fluidized bed furnace, vacuum furnace, etc. are similar to incinerators except that they 
operate at lower temperatures (above 430°C) and without air supply. Pyrolysis technologies can be 
categorized as being of two types; fast pyrolysis (ablative, cyclonic and rotating cone) and slow 
pyrolysis (vacuum and flash), which pyrolysis reactions can take place hydrous or anhydrous in them. 
 
  Technology Residence time Heating rate Temperature °C Major products 
  Carbonization several days very low 400 Charcoal 
  Conventional 5-30 min Low 600 oil, syngas, bio-char 
  Fast 0.5-5s very high 650 bio-oil 
  Flash-liquid < 1 s High < 650 bio-oil 
  Flash-gas < 1 s High < 650 bio-chemicals, syngas 
  Ultra < 0.5 s very high 1000 bio-chemicals, syngas 
  Vacuum 2-30 s medium 400 bio-oil 
  Hydro-pyrolysis < 10 s High < 500 bio-oil 
  Methano-pyrolysis < 10 s High > 700 bio-chemicals 
Tab. 8 - Major variants pyrolysis technology and their characteristics. [99] 
 
Process efficiency of pyrolysis is mostly affected by content of carbon and moisture, fraction of non-
organic components, homogeneity and particle size of input waste, among them pyrolysis process is 
very dependent on the moisture content of the feed-stock, which should normally be around 10%. At 
higher moisture contents, high levels of water are produced and at lower levels there is a risk that the 
process only produces dust instead of bio-oil. [50, 185, 214] 
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1.7.5. Gasification 
Gasification is a two-stage thermochemical process (oxidation and reduction) in presence of an 
oxidant (i.e. air, steam or oxygen) under sub-stoichiometric conditions that typically operates at a 
higher temperature than pyrolysis (above 700°C), which converts organic materials mostly into 
syngas and char. The first reaction (oxidation) is exothermic that leads to the loss of volatiles from 
biomass and generation of gaseous products like CO, H2 and CO2 and water vapor. The second 
reaction (reduction) is endothermic which take place by hot bed of charcoal generated during the 
process of gasification that converts CO2 and H2O partly into combustible products such as CO, H2 
and CH4. 
Fig. 21 - Schematic of gasification process and its general chemical reactions. [125] 
The main applications of biomass gasification include heat, electricity, combined heat and power 
(CHP) and transport fuel production. A wide range of biomass feed-stocks such as bio-waste can be 
used in gasification processes which generate char and significant amount of syngas (CO, H2 and 
CO2) that can be burnt to generate electricity. Syngas may be burned directly in gas engines, used to 
produce CH3OH and H2, or converted via the Fischer-Tropsch process into synthetic fuel. The overall 
thermal efficiency of gasification processes are more than 75%, which depend on size, shape, bulk 
density, moisture content, energy content, chemical composition, ash fusion characteristics of biomass 
feed-stock and homogeneity of all these properties.  
Gasification technologies can be categorized as being of two types; low temperature gasification 
which take places at a relatively low temperature (700ºC to 1000ºC) that its product gas will have a 
relatively high level of hydrocarbons compared to high temperature gasification which take places at 
higher temperature (1200ºC to 1600ºC) that leads to few hydrocarbons in the product gas, and a 
higher proportion of CO and H2. Counter-current fixed bed (up draft), co-current fixed bed (dawn 
draft), cross draft, fluidized bed, entrained flow, twin-fire, plasma and free radical gasifiers are major 
types of gasifiers that currently available for commercial use.  
The advantage of gasification is that using the syngas is potentially more efficient than direct 
combustion of the original fuel because it can be combusted at higher temperatures or even in fuel 
cells, also reducing formation of oxidized species such as SO2 and NOx which are replaced by H2S, 
NH3 and N2. [34, 108, 125] 
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1.7.6. Composting 
Composting is the aerobic degradation of biodegradable waste by micro-organisms and fungi to 
produce compost that can be used as a soil improver and organic fertilizer. The process of composting 
simply requires making a heap of wetted organic matter known as green waste (e.g. bio-waste) and 
waiting for the materials to break down into humus after a period of weeks or months. 
Fig. 22 - Schematic of composting process. 
Stabilized compost called mature, when any subsequent change to its texture and its composition be 
extremely slow. Mature compost is used in applications such as for peat substitution, mineral nutrient 
substitution, erosion control, increasing water-holding capacity, and organic matter content of the soil. 
Compost can have an added value on fields as it can improve soil structure and quality by adding 
organic matter, nutrients and diversified micro-organisms (biologic life). 
Organic ingredients intended for composting can alternatively be used to generate biogas through 
anaerobic digestion. Beside bio-material production, using the residual heat from composting is a 
promising new technique that could improve environmental profile, from energy point of view. 
Biogenic origin CO2 is the main gaseous emission from the composting process, other components 
such as CH4, N2O, NH3, odours and also micro-organisms typically found in gaseous emission too. 
For reducing related environmental impacts of composting, minimizing generation and emission of 
the mentioned gases, micro-organisms and odours by new technologies (e.g. using bio-filters) is 
important. Of course, due to the high temperature generated by the process (>55°C), most of harmful 
micro-organisms and undesirable seeds and weeds or roots are destroyed. 
Nature of the input waste, aeration conditions, temperature, moisture content, pH, growing biological 
medium availability, C/N ratio, and content of heavy metals and organic pollutants are the most 
important factors which affect overall performance of the composting process and quality of compost. 
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Composting of bio-waste fractions can take place in a number of different ways and technologies, 
such as home composting (heap/piles, composting bins, silos and open boxes, and in-house worm 
composter), collective/community composting, on-farm composting, and centralized composting 
(windrow composting and in-vessel composting). Cockroach, Bokashi, Hügelkultur, Humanure, 
Black soldier fly larvae (BSFL) and Vermi-composting are other composting methods. [60, 105, 214] 
 
1.7.7. Anaerobic Digestion 
Anaerobic digestion is a collection of processes by which micro-organisms break down biodegradable 
material into simpler chemical components in the absence of oxygen, avoiding oxidation of the matter 
(under anaerobic conditions). This degradation process involves methanogenic bacteria which work at 
different temperatures and various pH values. [11] 
Fig. 23 - The key process stages of anaerobic digestion. [11] 
 
Anaerobic digestion may treat a wide range of organic waste streams as food-stock (i.e. sewage 
sludge, municipal solid waste, and organic part of commercial, industrial and agricultural waste). 
Digestion of mixed waste renders it almost impossible to use the digestate as a fertilizer in agriculture 
because of the high risk of contamination. Digestion of separately collected bio-waste allows energy 
production and use of the digestate as a fertilizer in agriculture. The high moisture content of kitchen 
waste and bio-waste from canteen, hotels, restaurants, etc. render these wastes particularly suitable for 
anaerobic digestion. On the contrary, ligneous elements such as green waste in particular, are typically 
not directly degradable by anaerobic digestion (not without resorting to a range of chemical/physical 
processes). However, it is possible to separate the wood fraction and use it as an energy carrier. [214] 
An anaerobic digestion plant is more difficult to operate than a composting plant and requires skilled 
operators, mainly when the input material composition and/or the quantitative flow vary over time. 
Temperature, retention time, pH, ammonia concentration (Carbon/Nitrogen ratio), mixing quality, 
redox conditions, content of water and lignin in waste are the most essential factors for an efficient 
anaerobic digestion process in general but are not exhaustive. There are a range of different 
technologies for anaerobic digestion of waste biomass, such as dry/semi-dry/wet processes, 
continuous/semi-continuous/batch systems, thermophilic/mesophilic digesters, etc. [105] 
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Generally, final output of anaerobic digestion of waste biomass is divided in 3 parts, including; [214] 
• Digestate, which is the bulk of bio-material products and made up of fibres and liquid residues. It 
can be used directly on land as liquid fertilizer that provides soil nutrients (without soil structure 
improvement), or indirectly after composting for soil improvement. 
• Biogas, which is the bio-energy product and made of CH4, CO2, H2O (vapour) and also H2S. It 
can be used as a source of energy (after H2S removing) to replace natural gas for the production of 
heat, electricity and as a fuel for vehicles (instead of natural gas, gasoline or diesel). 
• Atmospheric emissions such as CH4, N2O, NOx, NH3 and other trace gases are also produced in 
anaerobic digestion that should be captured and treated (preferably used for energy recovery if it 
is possible). 
 
1.8. Bio-Products 
Bio-products or bio-base products are materials, chemicals and energy derived from renewable 
biological resources (forestry, agriculture and biologically-derived waste), which is divided in two 
broad general categories, including; 
− Conventional bio-products (building materials, pulp and paper, textile, and forest products) 
− Emerging bio-products (bio-fuels, bioenergy, starch-based and cellulose-based ethanol, bio-based 
adhesives, bio-chemicals, bio-plastics, etc.) 
 
Emerging bio-products can replace many of the fuels, chemicals, fertilizers, plastics, etc. that are 
currently derived from oil, gas and petrochemical industries. It can basically be described as an 
economy based (bio-economy) on the sustainable manufacture of products from renewable resources, 
which includes all processes, from feed-stock production through the processing stage(s) to the 
manufacture of final products, in addition to research, development and commercialization processes. 
By the same token, the manufacture of bio-products can provide the opportunity to benefit all 
participants in the value chain. In particular, primary producers can increase economic gains from bio-
based materials derived from products that they generate, many of which have been considered 
"waste" materials in the past. Typically, emerging bio-products are divided into two categories, 
including “bio-materials” and “bio-energy”. [39] 
 
1.8.1. Bio-Material Products 
Bio-material is any matter, surface or construct that interacts with biological systems, or in other 
words, converting biomass into chemicals for making products that typically are made from 
petroleum. It can be derived either from nature or synthesized using a variety of chemical approaches 
utilizing metallic components, polymers, ceramics or composite materials. 
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One of the important sub-categories of bio-materials is bio-chemicals which include industrial basic 
and specialty chemicals (e.g. resins, paints, lubricants and solvents), plant derived medicinal 
compounds (e.g. pharmaceuticals, antibodies and vaccines) and bio-cosmetics (e.g. soaps, body 
creams and lotions). Other bio-material sub-categorizes include bio-polymers and bio-plastics (from 
plant’s oils, starches and sugars), bio-foams and bio-rubbers (from plant oils and latex), bio-
composites (from agriculture, e.g. hemp, flax, kenaf), forestry bio-fibers, organic fertilizers and soil 
amendments (e.g. compost, manure, anaerobic digestate, bio-char, peat, guano) and some fine 
chemicals (e.g. acetic acid, glycerol, citric acid, etc.). [38, 39, 236] 
 
1.8.2. Bio-Energy Products 
Bio-energy is energy contained in living or recently living biological organisms (excludes fossil-
fuels), where plants get bioenergy through photosynthesis, and animals get it by consuming plants. 
Thus, bio-energy is renewable energy made available from materials derived from non-fossilized 
biological sources. It is produced when biomass is treated, using different physical, chemical, 
biochemical and other processes, in solid, liquid or gaseous forms. Bio-energy is one of several 
elements in a comprehensive climate strategy that could cut projected oil use in half by 2030 and 
phase out the use of fossil-fuels in the electricity sector. It can be produced from a variety of resources 
distributed around the world, which considered a potential for rapid growth as a significant 
opportunity for local, regional and national economies. By avoiding the pitfalls associated with 
unsustainable development, developing related technologies, practices and policies for using bio-
energy will ensure that many countries benefit both financially and environmentally. It is clean and 
renewable source of energy for heating, electricity production and transportation, which divided in 
two categories named bio-power and bio-fuels, according to its application. [253] 
 
1.8.2.1. Bio-Heating 
Bio-heating (biomass heating system) is heat generation from biomass materials (such as wood, straw, 
or energy crops) as a fuel, for producing heat and hot water by stoves and furnace and fireplace, or for 
raising steam for space and process heating by boilers, or for fueling steam engines and steam turbines 
that generate electricity, or for preheating by complex heat-exchangers. The related processes are 
normally categorized in direct combustion, gasification, and aerobic and anaerobic digestion. 
Historically, before the use of fossil-fuels in significant quantities, biomass in the form of wood fuel 
provided most of humanity's heating. Today, burning of wood fuel is the largest use of energy derived 
from a solid fuel biomass which also includes firewood, charcoal, chips, sheets, pellets, and sawdust. 
The use of biomass in heating systems is beneficial because they can also use agricultural, forest, 
urban and industrial waste and residues to produce heat with fewer negative environmental impacts in 
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compare with fossil-fuels, because the carbon in biomass is part of the natural carbon cycle, while the 
carbon in fossil-fuels is not, and permanently adds carbon to the environment when burned. 
Aside classic and modern stoves that work with conventional wood-fuelled heating systems, there are 
four major types of heating systems that use biomass to generate heat for boilers, including Fully 
Automated, Semi-Automated (Surge Bin), Pellet-Fired (e.g. agricultural pellet system), and Combined 
Heat and Power (CHP). [35, 48, 254] 
 
1.8.2.2. Bio-Power 
Bio-power (biomass power) is the use of biological materials to generate electricity. After the hydro-
power and wind-power, bio-power is the third-largest source of renewable energy for electricity 
generation, which was measured about 11% of renewable power in 2011 (EIA 2012). It is interesting 
to know that, using biomass to produce electricity is almost 80% more efficient than transforming the 
biomass into bio-fuel for the same purpose, and also the electricity option would be twice as effective 
at reducing greenhouse-gas emissions. 
 
About half of all bio-power generation in the world occurs within the forest products industry, which 
their non-marketable waste biomass can provide power and heat for their operations. And also more 
than a quarter of bio-power generation in the world is related to landfill gas, anaerobic digesters and 
other biological sources of CH4. 
 
The general bio-power process is the burning of biomass to generate heat for steam producing to run 
steam turbines which are connected to the electricity generator. There are six major types of bio-
power systems, including direct-fired, co-firing, gasification, anaerobic digestion, pyrolysis, and 
small-modular. 
 
Fig. 24 - Direct biomass combustion for heating, and steam generation for electricity producing by steam turbine system. 
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Most of bio-power plants in the world use direct-fired (combustion) systems, which burn bioenergy 
feed-stocks directly to produce steam that is usually captured by a turbine, and a generator then 
converts it into electricity. In some industries, the steam from the power plant is also used for heating 
purpose in manufacturing processes or buildings, which are known as combined heat and power 
(CHP) systems (i.e. wood waste is often used to produce both electricity and steam at paper mills). 
Many coal-fired power plants can use co-firing systems (coal plus biomass) to significantly reduce air 
pollution emissions (i.e. SO2). In co-firing, bioenergy feed-stocks are used as a supplementary energy 
source in high efficiency boilers.  
Gasification systems use high temperatures and an oxygen-starved environment to convert biomass 
into a mixture of combustible gases (H2, CO and CH4). This syngas also called a gas turbine that acts 
like a jet engine, which it turns an electric generator instead of propelling a jet. 
Most of the generated CH4 due to decay of biomass in anaerobic digesters and landfills can be utilized 
as an energy source in boilers to produce steam for electricity generation or for industrial processes. It 
can also utilized in Micro-turbines (25 to 500 kilowatts output) and in Fuel cells as gas fuel for 
producing electricity. 
Pyrolysis systems also produce gas and pyrolysis oil (as liquid fuel) from heated biomass in the 
absence of oxygen, which can be burned like petroleum products in bio-power systems to generate 
electricity. 
Small-modular systems can generate electricity from biomass, at a capacity of 5 megawatts or less. 
They also have potential as distributed energy resources, which are power-generating technologies 
that can be combined to improve the operation of the electricity delivery systems. [36, 235, 236] 
 
1.8.2.3. Bio-Fuels 
Fuels are any materials that store potential energy in forms that can be practicably released and used 
for work or as heat energy. Bio-fuels are fuels that contain energy from geologically recent carbon 
fixation that are produced from living organisms and made by biomass conversion processes (thermal, 
chemical, and biochemical). 
Bio-fuels have increased in popularity from economic, political and environmental aspects, because of 
rising oil prices and the need for energy security, and also unlike conventional natural resources such 
as coal, petroleum, natural gas and nuclear fuels, bio-fuels are renewable source of energy based on 
the carbon cycle. 
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Fig. 25 - Diagrammatic visualization of sustainability of bio-fuel feed-stocks production with a wide range of potential 
environmental, economic and social impacts (Source: based on IEA, 2010). 
Bio-fuels can be broadly defined in solid, liquid and gas forms, which solid and gas bio-fuels are 
normally used for heating and electricity purpose, but liquid bio-fuels and also some part of gas bio-
fuels are used as transportation fuels for vehicles. Biomass can also be used directly for heating or 
power, known as biomass fuel. 
 
Form of Fuel Type of Fuel 
Solid Bio-Fuel 
  Biomass Fuel 
  Charcoal 
  Bio-Char 
Liquid Bio-Fuel 
  Bio-Methanol 
  Bio-Ethanol 
  Bio-Butanol 
  Bio-Gasoline 
  Bio-Diesel 
  Bio-Kerosene (Jet fuel) 
  Bio-Oil (Pyrolysis oil ) 
  Dimethyl Ether (DME) 
  Ethyl Tertio-Butyl Ether (ETBE) 
  Synthetic Bio-Fuels or Biomass to Liquid (BtL) fuels group 
  Algal Bio-Fuels group 
  Pure Plant Oil (PPO) or Straight Vegetable Oil (SVO) 
Gas Bio-Fuel 
  Biogas (Landfill gas) 
  Bio-Propane 
  Syngas (Synthetic gas) 
  Bio-Hydrogen 
Tab. 9 - General forms of bio-fuels and major type of bio-fuels. 
 
Solid Bio-Fuels refer to various types of bio base solid materials that are used as fuel to produce 
energy and provide heating, usually released through combustion. Solid bio-fuels divided to virgin 
biomass fuel and processed biomass fuel (charcoal and bio-char); [20, 55, 210, 240] 
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 Virgin biomass fuels include wood fuel group (wood, waste wood, wood chips and pellets), forest 
and agricultural residues, herbaceous plants, peat and dung as virgin biomass fuel, and charcoal 
and bio-char as processed fuel. 
 Charcoal is a light black residue consisting of carbon, and any remaining ash, obtained by 
removing water and other volatile constituents from animal and vegetation substances. It is 
usually produced by slow pyrolysis. Charcoal can be used for co-combustion in power plants, 
where it can partly replace fossil coal. 
 Bio-char is a stable solid and rich in carbon like charcoal. It is produced by torrefaction process 
that removes moisture and low energy volatiles from roasted biomass, which resulted a product 
that is more energy dense (more energy per unit of weight) than its virgin biomass. Torrified 
biomass can be fed easily in existing coal-fired power plants without expensive adjustments of the 
feeding system. Biochar made from agricultural waste can substitute for wood charcoal. It is also 
used as a soil amendment. 
 
Liquid Bio-Fuels are combustible or energy-generating molecules that can be harnessed to create 
mechanical energy, usually producing kinetic energy. Vehicles usually require high energy density, 
which occurs naturally in liquid and solid fuels. Also achieving high energy density in internal 
combustion engines require clean-burning fuels, which the easiest fuel to burn cleanly are typically 
liquids and gases. Moreover, liquid and gas fuels can be pumped, which means handling is easily 
mechanized. In addition, the most important property of liquid fuels is that liquids are easy to storage 
and transport. Thus, liquid bio-fuels meet the requirements of being all energy-dense, clean-burning, 
easy-handling, easy-storage and easy-transport! Meanwhile, they are partly used in heating and power 
purpose. [152] 
 Bio-methanol (also called wood alcohol) is an alternative fuel for internal combustion systems 
and other engines, either in combination with gasoline (to increase the octane rating) or directly. It 
is the lightest and simplest alcohol, which can be made from processing of various types of 
biomass, such as fermentation of agricultural crops and residues (first generation), wastewater 
treatment, pyrolysis of woody biomass (destructive distillation), processing of glycerin produced 
in bio-diesel production and also by synthesizing of CO2 and H2 in syngas (second generation). 
Bio-methanol production enables to CO2 emission reduction of at least 70%. It is also an 
important raw material for many bio-materials such as Bio-MTBE. [160] 
 Bio-ethanol is biologically produced by the action of micro-organisms, enzymes and hydrolysis 
through the biomass, which is the most common bio-fuel worldwide. It can be used in petrol 
engines that mixed with gasoline to any percentage (up to 15% bio-ethanol). Its production 
technologies are divided to three generations. First generation bio-ethanol is gained directly from 
sugars and starches sorted in agricultural crops (i.e. wheat, corn, sugar beets, sugar cane, etc.) by 
enzymatic hydrolysis (for starches) and fermentation (for sugars). Second generation bio-ethanol 
(known as cellulosic ethanol) is gained from celluloses, hemicelluloses and lignocelluloses sorted 
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in herbaceous plants, and forest and agricultural residues by pretreatment, hydrolysis and 
fermentation. Third generation bio-ethanol is gained from algae by photo-bio-processing of 
wastewater. [84, 88] 
 Bio-butanol can be produced by fermentation of biomass by the microbial ABE process. Its 
longer hydrocarbon chain causes to be more similar to gasoline than to ethanol in internal 
combustion engines. First generation bio-butanol is produced in much the same way bioethanol, 
through the fermentation of starch and other similar biomass feed-stocks. Also bio-butanol can be 
made entirely with solar energy and nutrients, from algae or diatoms. Like many other bio-fuels, 
bio-butanol can be mixed with conventional fuels or can be used directly in engines. [44] 
 Bio-gasoline is gasoline contains between 6 and 12 carbon atoms per molecule produced from 
biomass such as algae. It is chemically different from bio-butanol and bio-ethanol, as these are 
alcohols, not hydrocarbons. Also it is produced from triglyceride through de-oxygenation and 
reforming processes (cracking, isomerizing, aromatizing, and producing cyclic molecules) or 
from woody biomass by using enzymatic processes. It and can be used in internal-combustion 
engines like petro-gasoline but with much higher octane levels. [28] 
 Bio-diesel refers to a vegetable oil/animal fat-based diesel fuel consisting of long-chain 
methyl/ethyl/propyl esters that is produced from the fatty acids using trans-esterification process, 
which involves using an alcohol to create a catalytic reaction in lipids that produce fatty acid 
esters. A number of biomass types can be used in the production of first generation biodiesel such 
as rapeseed, sunflower, soybean and palm oil (plant origin), and tallow, lard, yellow grease and 
chicken fat (animal origin). Waste cooking and vegetable oils, animal wastes and sewage sludge 
are other sources for producing second generation bio-diesel, also algae and syngas are known as 
sources of third generation bio-diesel. Biodiesel contains virtually no sulfur and can be used 
alone, or blended with petro-diesel in any proportions. It can also be used as a low carbon 
alternative to heating oil. [23] 
 Bio-kerosene is a thin, clear liquid formed from hydrocarbons which a mixture of carbon chains 
that typically contain between 6 and 16 carbon atoms per molecule, that is widely used to power 
jet engines of aircraft (jet fuel) or aviation turbine fuel (ATF). It is also commonly used as a 
cooking and lighting fuel. Bio-kerosene can be produced based on biomass as BtL-fuels (Biomass 
to Liquid) or plant oils (i.e. jatropha) in the form of HVO (Hydro-treated Vegetable Oil). [137, 141] 
 Pyrolysis oil also known as bio-crude or bio-oil, is a synthetic fuel which is extracted by biomass 
to liquid technology of destructive distillation (rapid thermal decomposition) from dried biomass 
(i.e. forest and agricultural residues, food waste, etc.), as substitute for petroleum. It is a kind of 
bio-tar and normally contains too high levels of oxygen to be a hydrocarbon. Its quality is 
dependent upon the type of biomass used. High-quality bio-oil has low water content and can be 
substituted for diesel, heavy fuel oil, light fuel oil or natural gas as a combustible fuel. In addition, 
certain bio-oils contain high value chemicals that have industrial and medical applications. [186] 
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 Dimethyl Ether (DME) also known as Methoxy-Methane, is the simplest ether that is a useful 
precursor to other organic compounds and an aerosol propellant. A potentially major use of Bio-
DME is as substitute for Propane in LPG used as fuel in household and industry, and also is a 
promising fuel in diesel and petrol engines, and gas turbines. It is being developed as a synthetic 
second generation bio-fuel, which can be manufactured from ligno-cellulosic biomass. [70] 
 Bio-ETBE (Ethyl Tertio-Butyl Ether) is a gasoline blending component which uses bio-ethanol 
produced from agricultural sources for feed-stock instead of methanol, which reduces vehicle 
exhaust emissions of CO2 and other greenhouse gases, as well as CO, NOx, volatile organic 
compounds and particulate matter. As a bio-component additive to gasoline, it has lower blending 
density, lower blending vapor pressure, no corrosion problems, and also offers greater air quality 
benefits in compare with bio-ethanol. [89] 
 The term Biomass to Liquid (BtL) is applied to synthetic fuels made from biomass through a 
multi-step thermochemical route , in a manner that pretreated biomass is converted to synthetic 
gas via gasification, and then resulting syngas is treated to convert to liquid bio-fuels, typically 
via Fischer-Tropsch, Flash Pyrolysis, Catalytic Depolymerization or the Mobil Process. The 
objective is to produce fuel components that are similar to those of current fossil-derived petrol 
fuels and hence can be used in existing fuel distribution systems and with standard engines. They 
are also known as synthetic bio-fuels (synfuels) that include HVO (Hydro-treated Vegetable oils), 
HEFA (Hydro-processed Ester and Fatty Acids) and FAME (Fatty Acid Methyl Esters) that are 
divided to HRJ fuels (Hydro-treated Renewable Jet) and renewable bio-based diesel fuels. They 
are usually straight chain paraffinic hydrocarbons (i.e. synthetic paraffinic jet fuel) which are free 
of aromatics, oxygen and sulfur and have high cetane numbers. [37, 90, 219] 
 Algae fuels or algal bio-fuels known as third generation bio-fuels are an alternative to fossil-fuels 
that use algae as their source of natural deposits. It can be grown in open ponds, closed-loop 
systems and photo-bioreactors. Algae absorbs nutrients and CO2 from fresh water, wastewater, 
sewage sludge, waste streams and diverse array of carbon sources for growing, then converts 
them into various types of fuels, depending on the technique and the part of the cells used. The 
lipids (oily part) of the algae biomass can be extracted and easily refined into diesel or even 
certain components of gasoline, through a process similar to that used for any other vegetable oil, 
or converted in a refinery into "drop-in" replacements for petroleum-based fuels. Alternatively 
following lipid extraction, the carbohydrate content of algae can be fermented into bio-ethanol or 
bio-butanol. Methane and bio jet fuels are other bio-fuels derived from algae. [9] 
 Straight vegetable oil (SVO) also known as virgin vegetable oil can be used as diesel fuel just as it 
is, without being converted to bio-diesel. It is much more viscous than conventional diesel fuel or 
bio-diesel, and it doesn't burn the same in the conventional diesel engines. Also, pure plant oils 
are traditionally extracted from plants for heating oil burners. Production of vegetable oils for use 
as fuels is theoretically limited only by the agricultural capacity of a given economy. [248] 
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Gas Bio-Fuels are any of various kinds of bio-fuels that under ordinary conditions are gaseous. They 
have been used in numerous applications, including raw material for chemicals, gas lighting, heating, 
and particularly in electricity production via gas turbines and fuel cells. Also, gas bio-fuels are 
suitable vehicles, because they are compressible, storable, able to transport and clean-burning. 
 Biogas typically refers to a mixture of gases produced by the breakdown of organic matter in the 
absence of oxygen. It is practically produced as landfill gas or digested gas, during anaerobic 
digestion with anaerobic bacteria or fermentation of biodegradable materials such as manure, 
sewage, municipal waste, green waste, plant material, and agricultural crops. It is primarily 
methane CH4, CO2 and may have small amounts of H2S, N2, H2, moisture and siloxanes. Biogas 
can be used for electricity production on wastewater treatment, in a CHP gas engine, cooking, 
space/water/process heating, and if compressed, it can use in vehicles as fuel in internal 
combustion engine or in fuel cells. [27] 
 Bio-propane is a gas used for heating, power and as an alternative vehicle fuel for liquid 
petroleum gas (LPG) engines. It is a clean-burning renewable fuel which is produced by 
conversion of bio-methane. Sugarcane, vegetable oils, animal fats, switch-grass, other grasses, 
and micro-organisms are all viable feed-stocks for bio-propane which can be processed to form 
DME (Dimethyl Ether), which can be blended with propane or hydrogenated into synthetic 
propane. [40, 164] 
 Syngas (synthesis gas) refers to a gas mixture consisting primarily of H2, CO, and very often 
some CO2, produced from the gasification (steam reforming) and also pyrolysis of biomass. It can 
be burned directly to produce heat or power (main application), and also can be converted into a 
wide range of liquid bio-fuels (third generation bio-fuels) including synthetic diesel, methanol, 
DME, gasoline, etc. via biomass-to-liquid (BTL) processes. Moreover, syngas fermentation is a 
microbial process which uses syngas as carbon and energy sources, and then converted by micro-
organisms into fuel and chemicals, including include ethanol, butanol, acetic acid, butyric acid, 
and methane. In addition, syngas is combustible and often used as a fuel of internal combustion 
engines. [217, 218] 
 Bio-hydrogen is defined as hydrogen produced from biomass, most commonly by algae, bacteria 
and archaea, and also by pyrolysis and gasification. Fermentation uses either dark-fermentation or 
photo-fermentation to produce hydrogen, while pyrolysis and gasification both heat biomass to 
produce hydrogen. Dark-fermentation is an anaerobic process which through a series of 
biochemical reactions breaks down biomass using bacteria. Photo-fermentation is similar to dark 
fermentation but it must have the presence of light for the reactions to take place. Bio-hydrogen is 
a potential bio-fuel obtainable from both cultivation and from waste organic materials. Hydrogen 
is intensively used in fuel cells for electricity production for vehicles and power plants. It is also 
used as an important raw material for many chemicals, such as synthetic bio-fuels and 
hydrogenation of bio-oils. [29] 
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Among all bio-fuels, bio-ethanol and biodiesel are the most important one, because of their broad 
usage in transportation, their economic cost of production and diversity of their related biomass feed-
stocks. There are many sources of biomass for this purpose, which affect societies from economic, 
political and environmental aspects. To date, food crops such as sugar cane (sugar base), corn (starch 
base), and vegetable oily seeds and animal fats (oil base) have been the primary feed-stocks of bio-
fuels, they are first generation bio-fuels which are directly related to a biomass that is generally 
edible. Unfortunately, increased use of these fuels has created more negative impacts than positive 
impacts. Increasing food prices and food price volatility, and accelerated expansion of agriculture 
which seek land-use and water-use intensively, are the most notable side-effects of developing first 
generation bio-fuels. 
The scale of the biomass resources we can make available shows that bio-fuel growth need not 
threaten food production if we shift from food crops to better resources. Therefore, future of bio-fuels 
depends on making a transition to non-food bio-fuels, which is usually made from waste materials and 
environmentally friendly herbaceous plants also known as second generation bio-fuels. Actually, 
second generation bio-fuels are produced from cheap and abundant plant biomass, where, ideally, the 
whole plant material, consisting mainly of cellulose, hemicellulose and lignin, is used in the 
conversion process, thus, producing little or no residue at all. Many of biomass feed-stocks that can be 
used for bio-fuel generation are often by-products, residues or waste-products of other processes, such 
as farming, forestry, animal husbandry and wastewater treatment. Agricultural and forest residues, 
industrial and municipal biodegradable waste, animal waste and sewage sludge are the most common 
sources of non-food biomass feed-stocks that can be used for bio-fuel production. In theory, this 
means there is no competition between fuel and food production, thus development of second 
generation bio-fuels production doesn’t have negative impact on food price. 
Algae-based bio-fuels are very promising field as third generation bio-fuels, because algae could offer 
much larger fuel per land area yields than first generation bio-fuels and could be grown in infertile 
areas such as deserts and marine environments, thereby avoiding issues of displacement of land used 
for food and feed production. Moreover the use of waste materials as feed and capturing and utilizing 
of CO2 as feed-stock by algae plantations are highlighted as environmental benefits of algae. In 
addition, algae might be tied directly to carbon emitting sources (i.e. heaters, power plants, cement 
industry, etc.) where they could directly convert emissions into usable fuel, which means that no 
carbon dioxide would be released from these settings and thus total emissions would be reduced 
substantially. Nevertheless, production of algal biomass presents technical challenges such as lipid 
extraction and dewatering, as well as geographical challenges and regional climate. 
In fourth generation bio-fuels, biomass crops are seen as efficient carbon-capturing machines that take 
CO2 out of the atmosphere and lock it up in their branches, trunks and leaves. Mentioned biomass is 
an engineered energy crops that genetically modified for increasing biomass yield, decreasing lignin 
content and enhancing carbon storage capacity (+30%). The carbon-rich biomass is converted into 
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fuel and gases by means of second generation techniques. The resulting fuels and gases are not only 
renewable, they are also effectively carbon-negative, which means the greenhouse gas is geo-
sequestered; stored in depleted oil and gas fields, in un-mineable coal seams or in saline aquifers. 
Fourth generation bio-fuels instead take historic extra CO2 emissions (from industrial revolution) out 
of the atmosphere. Actually they are tools to clean up our dirty past. [1, 25, 139, 149, 205, 237, 238] 
 
1.9. Outputs from Bio-Waste Treatment & Recovery Processes 
Bio-waste treatment often produces recycling products (e.g., compost and digestate as fertilizers) and 
energy. These products avoid the use of other products. The avoided products are in many cases co-
produced with other products, which lead to a whole network of integrated processes and may in some 
cases result in negative contributions to environmental impacts. Thus avoid the emissions that would 
be required to produce them. This generally results in positive environmental effects, depending on 
the recovery processes. The bellow table shows recovered products, energy recovery, related avoided 
products and also different types of residues from bio-waste processing. [147] 
Source 
Treatment 
Method 
Recovered Products Avoided Products Remaining Waste 
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Anaerobic 
Digestion 
Biogas,  
and Digestate 
(may be composted) 
Electricity, 
Heat, 
Fertilizer, 
and Vehicle Bio-fuels 
Residues / Impurities 
(heavy metals) 
& 
(stable organic pollutants) 
Composting Digestate 
Growing media (e.g. peat), 
Fertilizer, and Soil Conditioners 
Residues / Impurities 
(heavy metals) 
& 
(stable organic pollutants) 
Pyrolysis 
& 
Gasification 
Energy, 
Syngas, 
Bio-oil & Bio-tar, 
Bio-char & Charcoal 
Electricity, 
Heat, 
and Vehicle bio-fuels 
Residues 
(fly ash) 
M
ix
e
d
 W
a
s
te
 
B
io
-w
a
st
e
 +
 N
o
n
-o
rg
a
n
ic
 w
a
st
e
 
Incineration Energy 
Electricity, 
Heat, 
and Bottom Ash 
(as secondary construction materials) 
and 
(metals from non-organic fraction) 
Residues 
(bottom ash & fly ash) 
MBT 
& 
MHT 
Biogas,  
Compost-Like Output 
(CLO),  
& 
Refuse Derived Fuel 
(RDF) 
Electricity, 
Heat, 
Soil Covering, 
Organic Fibre, 
and Recyclable Materials 
Residues / Impurities 
(heavy metals), 
Stabilized waste or 
Stabilized digestate 
(to be composted), 
and Recyclable materials 
(metals, plastics, glasses) 
Landfilling 
Biogas 
(from treated LFG) 
Electricity and Heat  
(if there is methane recovery), 
Legal & Illegal dumping disposal 
Leachate, 
and Impurities 
(hazardous compounds) 
Tab. 10 - Common recovered products, avoided products and remaining bio-waste streams. [214] 
The amount of residues and impurities is usually rather small in compare with the amount of treated 
bio-waste, indeed they are not principal components of the bio-waste stream, but the materials that 
were together with the bio-waste since they are not the targeted stream. 
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Table 10 illustrates, the range of general products recovered from bio-waste treatment processes; [214] 
Compost can be used on agricultural fields, where it plays different roles including soil fertilizer 
(bringing nitrogen, phosphorus or potassium to the soil) and soil conditioner (transferring specific 
physical properties to the soil, through the building of the organo-mineral complex in the soil). Also, 
it can be used on other soils, as growing media (soil substrate) in green areas, forestry, horticulture 
(nurseries, greenhouses, etc.) and for home gardening. 
Compost-like Output (CLO) has a very high risk of being contaminated. Normally, the treated organic 
fraction from MBT or MHT must be landfilled to avoid negative effects on the environment and 
human health. Actually, there is no environmental benefit. CLO can also be used as temporary soil 
coverings (e.g. for landfills), for green areas along motorways and railways. In this case, the 
environmental benefit is likely to be very small. 
Digestate (from anaerobic digestion) that can be either directly used as fertilizer on agricultural fields, 
or composted to obtain compost (there is ongoing discussion whether composting of digestate 
produces compost similar in composition and quantity to compost from direct composting). 
Charcoal (from hardwood) is usually used in space heaters, furnaces and boilers, and Bio-char (from 
softwood, celluloses and hemi-celluloses) can be used as carbon sink, soil amendment, soil water 
retainer, and also like charcoal for energy production. 
Refuse Derived Fuel (RDF) also called specified solid recovered fuel (SRF) consists largely of 
combustible components of municipal solid waste such as plastics and biodegradable waste, which is 
a fuel produced by shredding and dehydrating MSW with a waste converter technology. It can be used 
in a variety of ways including to produce heat in clean combustion units, to produce electricity via 
steam generation, as fuel instead of coal in conventional power plants, as a feed in plasma arc 
gasification modules and pyrolysis plants, and as fuel in the cement kiln industry. 
Bio-oil also known as pyrolysis or pyrolytic oil is a kind of tar (bio-tar) that normally contains a 
mixture of various hydrocarbons and free carbon. It has interesting applications as a synthetic 
substitute for petroleum, including as a raw material (bio-tar) for bio-based chemicals in bio-
refineries, as a crude automotive fuel for bio-fuel base Compression-Ignition Engines, and as a fuel 
for (co-)combustion in natural gas, coal or heating oil fired boilers, furnaces, turbines, and combined 
heat and power systems (CHP) in order to heat, steam and electricity generation. 
Syngas also known as synthetic gas is a crude fuel gas mixture that is usually derived from 
gasification (CO, H2 and CO2) and pyrolysis (CH4, H2 and vaporized tars). It can be used in a variety 
of ways, including heat and electricity generation via waste-to-energy processes directly through 
combustion, to produce chemicals (i.e. ammonia, methanol, fertilizers, etc.), to produce synthetic bio-
fuels and lubricants via Biomass-to-Liquid (BtL) processes, and as a fuel in internal combustion 
engines. 
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Biogas (from landfill gas or anaerobic digestion) can be used for heating, as a fuel in combined heat 
and power (CHP) units, as a fuel for vehicles which requires the same type of engine as those used for 
natural gas. Also, biogas can be used either as a substitute for natural gas (no additional car driven by 
natural gas) or as a substitute for gasoline or diesel (additional cars driven by natural gas). In addition, 
upgraded biogas injected into the gas grid or liquefied and transported to be used as a substitute of 
natural gas. 
 
  
 55 
 
 
 
 
 
 
 
 
 
 
Chapter 2 
 
IRAN 
 
  
 
56 
 
2.1.     General Information 
Iran known as Persia until 1935 and officially the Islamic Republic of Iran, is a Middle Eastern 
country south of the Caspian Sea and north of the Persian Gulf and the Gulf of Oman, It lies in the 
northern part of the temperate zone, between latitudes 25° 03’ to 39° 47’ north and longitudes 44° 14’ 
to 63° 20’east.  It shares borders with Iraq, Turkey, Azerbaijan, Turkmenistan, Armenia, Afghanistan, 
and Pakistan. [208] 
Fig. 26 - The map of Iran. [228] 
Iran is 18
th
 largest country in the world and the second-largest country in the Middle East with the 
total area of the country is about 1,648,195 sq. km. [53, 124] 
The country consists very rugged mountainous rims interior basin with deserts and along its coasts, 
there are small and discontinuous patches of plains along the coasts, the elevation extremes range       
-28 m in Caspian Sea (lowest point) to 5,671 m in Damavand Mountain (highest point). [177, 208] 
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Iran has a continental type of climate, with cold winters and hot summers and its climate is considered 
mostly arid or semiarid, and also subtropical along Caspian coast. Except of the northern and southern 
seashores, where high humidity is prevalent, humidity and rainfall are lower from north to south as 
well as from east to west. [79, 121] 
  
Fig. 27 - Land use in Iran. [92] Fig. 28 - Contribution of rural and urban population of Iran. [92] 
The total population of Iran was estimated to amount to approximately 77.3 million inhabitants (21 
million households) in 2013 is the world's 17th most populous nation. [231, 258] 
 
 Energy Status of Iran2.2.  
Developing country Iran is an energy superpower country which plays an important role in world 
energy supply and hence in the global economy and it is a member of the Organization of the 
Petroleum Exporting Countries (OPEC). Iran plays an significant role in world energy supply and the 
global economy, The country holds the world's third largest proven oil reserves, in January 2014, Iran 
has an estimated 157 billion barrels of proved crude oil reserves, representing nearly 10% of the 
world's crude oil reserves and also Iran has the world's second largest natural gas reserves. Iran holds 
large deposits of other natural resources including coal, iron, copper, chromium, lead, manganese, 
sulfur, and zinc are found in large quantities in Iran. [54, 62, 82, 208, 232] 
Iran is a high-income country. Iran's economy mainly consists of oil, natural gas, agriculture, industry 
and mining and services sectors but Iran’s economy is heavily dependent on the lucrative oil and gas 
exports revenues. Iran’s petroleum, natural gas, oil and petrochemical products exports account for 
more than half of the government’s income or 23% of GDP and about 80% of the country’s total 
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exports earnings. In 2013 the country produced 3.2 million barrels per day of petroleum and other 
liquids and also over 5.6 trillion cubic feet of dry natural gas. [62, 221] 
Fig. 29 - Iranian petroleum and other liquid production and consumption, 2011 – 2014.
Fig. 30 - Growth natural gas production in Iran, 2003 – 2012. 
Energy is becoming increasingly important for Iran in recent years although the energy consumption 
in Iran is extraordinarily higher than international standards. Iran has an inefficient structure in energy 
systems and it is one of the most energy intensive countries in the world, the amount of consumption 
in Iran is 10 times of the European Union consumption or three times higher than global consumption, 
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The most important reasons for growing energy consumption in Iran are population and economic 
rapidly growth, low energy prices due to the huge subsidization, lack of comprehensive resources 
management planning and etc. In the past 30 years Iran’s domestic energy consumption has been 
increasing rapidly, the energy consumption growth rate was about 6% per year with the population 
growth about 2% per year and the economic growth about 5% per year. Iran’s energy subsidies are 
one of the highest in the world about 12% of the GDP of each year. On December 2010, The Iranian 
government decreased the subsidization of energy prices in order to reduce the domestic demand for 
energy and also for energy waste prevention. [51, 62, 95, 127, 133, 176, 178] 
Fig. 31 - Consumption of oil products in Islamic Republic of Iran (consumption includes international bunkers). [122]
Fig. 32 - Energy intensity in Iran, 1980 - 2010. [126]  
In recent years Iran is facing more serious challenges in the field of energy policy, though the 
country’s economy has experienced economic decline over the past years due to the sanctions, 
 
60 
 
subsidy reforms and mismanagement, overall energy demand has not decreased, in this situation the 
Iranian government should take extra steps to reduce energy demand and consumption. 
While the energy prices are rising globally, the rapid growth of domestic energy demand in Iran, 
makes the government worry about the possibility of petroleum exporting in the future, a reduction in 
oil and gas exports would have a negative impacts on the economy because Iran is bounded and 
dependent on the petroleum revenues, more over Iran’s ability to continue to export oil, gas and other 
petroleum products can improve the economic and environmental conditions. [52, 77, 230] 
Fig. 33 - Total primary fuel energy consumption of Iran, 2012. 
The figure above shows the Total primary energy consumption in Iran by the type of fuel source in 
2012 was mainly consists of fossil-fuels. The fossil-fuels consumption was accounted for 99% of total 
amount, and renewable energy has not yet played a major role in this large economy. The primary 
energy consumption in Iran increased about 50% in last ten years, it is clear that if this manner of 
fossil-fuels consumption continues, Iran will face the risk of quick exhaustion of fossil energy sources 
or the fossil energy sources will be completely depleted in the near future but the share of next 
generation from these limited resources must be considered and also the rising fossil-fuel 
consumption dangerously increases CO2 emissions, which is a main cause of global warming, Iran 
performs very bad on the indicators for CO2 emissions and energy intensity this phenomena can cause 
irreversible and threatening environmental changes and deterioration of health conditions. [62, 167, 194] 
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Fig. 34 - The trend of CO2 emission in Iran. 
Fig. 35 - Electricity generation by fuel in Iran, 2012. 
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Electricity Energy in Iran in 2012 totally being generated about 221 billion kilowatt hours of 
electricity, the country is the 19th largest electricity producer and also 20th largest consumer of 
electrify energy in the world. 90% of generated electricity is from fossil-fuel sources and almost 70% 
of the total generation amount was from natural gas as the largest source of electricity generation in 
the country, the other fossil-fuel sources for electricity generation were oil and coal, the remaining 5% 
of electricity generation including hydropower and other renewable energy sources. [43] 
Fig. 36 - Electricity generation by fuel, in Islamic Republic of Iran, 1971 – 2011. [122] 
Fig. 37 - Electricity production in Islamic Republic of Iran, 1971 – 2011. [122] 
Considering the significant role of energy in all development progresses in the world, Iran as a 
developing country needs to find a way for optimizing energy consumption and improving 
environmental terms. Iran has experienced many difficulties over the past decades such as the 
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revolution of 1979, eight years’ war with Iraq and presently external sanctions and internal subsidy 
reforms, besides increasing domestic energy demand, limitation of fossil energy sources, 
environmental threats and etc.  
Regarding Iran’s dependency on oil and gas revenues, many of the development goals have been 
failing behind due to the above mentioned problems, therefore the country need additional, efficient 
and secure energy supplies together with clean environment for achieving the development objectives 
without endangering fossil energy sources. [17, 229, 243] 
 The Role of Development Policies in Iran2.3.  
Energy in the 21
st
 century has turned out to be very different from energy in the 20th century, recently 
the desire to become a developed country for Iran, has increased attention to modern environmental 
solutions such as energy efficiency, renewable energies, waste management and recycling. [222, 247] 
Development planning in Iran has more than sixty years background, a development plan is a 
document which sets out the overall strategy of the government for proper development planning of 
the country, and also the plan usually includes objectives and supporting policies in this regard. The 
Iranian government gives special importance to the utilization of alternative energy sources in each 
year national development plan (1989 - now), the Energy development policy in Iran is based on 
control and reduces the energy consumption, minimum extraction from fossil resources and also 
coping with the technological progress taking into account the environmental considerations. 
[110, 156, 165] 
Iranian government is increasingly supporting activities in research and development to enable 
alternative energies to compete with fossil-fuels. Iran's varied geography is well suited to a diverse 
and extensive use of renewable energy sources. At first glance, investment in renewable energies for 
the oil and gas rich country like Iran doesn’t seem the greatest economic idea, a few years ago the 
renewable energy technologies were very expensive and uneconomic in developing countries and also 
fossil-fuels are able to produce the large quantities of energy (electricity) in comparing with 
renewable energy sources ability, but nowadays the costs of technologies in many cases are declining 
quickly through the world in addition new technologies of renewable energy can be eliminated 
through the research and time, consequently day to day the renewable energies are becoming more 
economically and competitive with fossil-fuels. [134, 135, 175, 215] 
 Status of Renewable Energies in Iran2.4.  
Expanding the share of energy from renewable energy sources can improve the energy efficiency and 
decrease the economic dependency to fossil-fuels, while reducing the environmental threats such as 
greenhouse gas emission and other related environmental pollutions with negative impacts on human 
health and biodiversity. 
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Iran has a great potential for renewable energy resources such as hydropower, solar, wind, 
geothermal, biomass energy and hydrogen and fuel cell, mentioned renewable energy sources has 
become a satisfactory substitute for fossil-fuels due to their considerable advantages for the country.  
The most important advantage of these kind of sources is that they are renewable sources so they are 
inexhaustible energy supplies and even more importantly, they are clean sources of energy with a 
little to no global warming emissions and chemical pollutants, they can reduce carbon emissions by 
offsetting the need for energy from fossil sources, therefore increasing use of renewable energy 
sources can improve environmental quality and public health besides economic benefits, renewable 
energy projects also can create new jobs and other social opportunities, generally renewable energy 
projects in Iran are located away from urban areas and large cities thus they can enable the country to 
produce energy inside the rural and remote areas, according to the mentioned reasons the renewable 
energies play significant role in development progresses in all parts of the country. [175, 203, 246] 
Fig. 38 - Share of total primary energy supply (excludes electricity trade) in Islamic Republic of Iran, 2011. [122] 
Fig. 39 - Total primary energy supply (excluding electricity trade) in Islamic Republic of Iran. [122] 
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2.4.1. Hydropower 
Hydropower resource in Iran is one of the most important renewable energies, this valuable source of 
energy has already well developed in the country. Iran is one of the top countries of the world in 
dam’s construction and producing hydroelectric power plants. Iran has many types of hydropower 
plants, from the micro scale hydropower plants to the large scale. According to the Iranian World 
Energy Council Committee in 2011, installed hydropower capacity at the end of 2011 was 8746 MW, 
in addition the country had 5083 MW of hydropower capacity under construction and also a further 
10426 MW was in different phases of planning. Iran is planning to increase capacity of hydropower in 
the near future. [131, 256, 261] 
2.4.2. Wind Energy 
Wind energy source is the second renewable energy source for generating energy in Iran and also it is 
the most economic renewable energy source of the country. Iran's wind power potential estimated 
range is between 6500 MW to 20000 MW. Iran has numerous windy areas, high wind regions are in 
northern, northwestern and western parts of the country. Some of the established wind energy projects 
in Iran are as follow: Manjil and Roudbar wind farm located in the north-west of the country with 
101.68 MW capacity, Binalood wind farm situated in the north-east of Iran with 61.2 MW capacity, 
Kahak wind farm located in the north-central region of the country with 20 MW capacity and 6 more 
wind power plant. Furthermore there are three planned plants, which will be establish by the private 
sectors with 5000 MW, 1000 MW, 400 MW capacities. Iran is currently planning to increase wind 
energy production to 20000 MW, by establishing fifty power stations in different regions of the 
country. [114, 162, 197, 209, 234] 
2.4.3. Solar Energy 
Iran has the potential to generate solar power 300 days per year due to the great geographical position 
of the country on the Sunbelt of the world. One percent of the country’s area has a potential to 
produce the energy needs of Iran entirely. The solar energy ranges from north to south of the country 
is 2.8 kWh/m
2
 to 5.4 kWh/m
2
 in day. In recent years almost 11 solar energy projects and 17 solar 
power plants in different cities of Iran have been implemented by the Ministry of Energy of Iran and 
Iran Renewable Energy Organization. Some of the most important projects are: Yazd solar-thermal 
power plant with 467 MW capacity is the world’s first integrated solar combined cycle power station 
using natural gas and solar energy and the largest solar power plant in the Middle East and the eighth 
largest in the world, Shiraz solar power plant with 500 KW capacity is Iran's first Solar power station 
and also more than 2750 kW, photovoltaic systems were installed in the country (Grid or Standalone) 
such as the solar photovoltaic power stations of Birjand, Tabriz, Taleghan and Semnan with the 
capacities between 10 KW to 1MW, utilizing solar photovoltaic technologies to supply electricity for 
at least 634 rural households and institutions of 9 provinces, besides thousands of small individual 
photovoltaic units which are used for lightening in the urban areas, additionally some more project 
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which can help the country to answer energy needs. The total energy generated by solar power was 53 
MW in 2005, and in 2011 reached to 67 MW. Currently Iran’s total solar power plants production 
capacity is 70,000 MWh and the country ranks as the 14th biggest owner of solar power plants in the 
world. [155, 163, 182, 188, 191, 206] 
2.4.4. Geothermal Energy 
Geothermal sources exploration was started in Iran about 40 years ago by ENEL of Italy and the 
Ministry of Energy, in 1995, the Renewable Energy Organization of Iran started new exploration 
activities to explore other sources with geothermal potential. Over the past decade Iran has put greater 
emphasis on generating energy from geothermal energy sources, the country’s geothermal potential is 
estimated in low- to medium-enthalpy resources, approximately 8.8% of the total area of the country 
has been recognized as geothermal potential regions and most of them are situated in the northern and 
western parts of Iran, Damavand in the north central area, and Maku, Khoy and Sahand in the 
northwest, are likely to be the most fertile areas. Finishing installation of Meshkinshahr Geothermal 
Power Plant (northwest of the country) with 5 MW capacity in 2010 was the first step of Iran for 
generating energy from the geothermal sources also with installation more turbines, its power 
generation capacity will hit 50 MW. This pilot plant is the first of its kind in the Middle East. 
[68, 104, 171, 181, 196] 
2.4.5. Hydrogen and Fuel cells 
Iran plans to replace traditional fossil systems with clean technology in order to prevent energy crisis 
and improve the environmental conditions, hydrogen energy system can be one of the best options as 
the alternative system. Hydrogen is the simplest and most plentiful element in the world and it is high 
in energy, it is a clean and efficient energy carrier and the energy of it can be delivered to fuel cell for 
generating electricity and heat or burns to run internal combustion engines. Iran is looking for 
development of hydrogen based energy systems, that the required hydrogen is produced from the 
generated electricity of renewable energy sources. The Iranian government in 2004 presented the 
document of “National Strategy of Iran Fuel Cell Technology Development”, which includes the 
feasibility studies analyzing the fuel cell attraction, and formulating strategy of its technology 
development in the country and also have focused on fuel cell systems as an alternative technology 
for power plants and transportation. Currently more than 500 researchers from universities, R&D 
centers and industries are working on Hydrogen and Fuel Cells, their emphasis is on Fuel Cells and 
integrated Renewable Energy Sources - Hydrogen systems. In the first step, Iran’s Renewable Energy 
Organization built the pilot hydrogen power plant of Talaqan, in 2001, which was launched in 2009 
based on solar–hydrogen with a total electrical generation capacity of 200 kW. Present activities in 
this field are mainly include: involving in policy development of hydrogen energy systems, 
understanding and development of hydrogen production, storage, supply and consumption and 
supporting future plans for this technology is in the country. [42, 106, 138, 173, 190, 193] 
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2.4.6. Biomass Energy 
Biomass energy resource is one of the most important renewable energy resources for Iran, regarding 
its great potential in the country. According to the Renewable Energy Organization of Iran, the 
country generates about 400 million tonnes of agricultural, forestry and animal wastes as well as 25 
million tonnes of municipal and industrial wastes in addition to 5 billion cubic meters of municipal 
sewage every year. The mentioned sources of biomass can provide 14% of the Iran’s energy demand 
(equivalent to 142 million barrels of crude oil). [195] 
Iran already has achieved a good level in investigation and implement of biomass energy applications 
such as Bio-power and Bio-fuel, and also Bio-material products. Considering the importance of the 
Biomass energy utilization in the country instantly, the topic of biomass energy will be further 
discussed in next chapter. [85] 
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3.4. Biomass History in Iran 
Biomass energy utilization technology has an old history in Iran. In 1547-1621 A.D., the Iranian 
scholar and scientist, Shaykh-i Bahâî was the first person who used the sewage of public toilet of 
Isfahan as a resource of biomass for producing biogas in order to space/water heating in the public 
bath of Isfahan. Afterwards in 1975 in the Lorestan province, the Niaz Abad village, the first 
production digester of Methane gas was established by the country with the capacity of 5 cubic meters 
and the device supplied the consuming biogas of the neighbor bathrooms from the cow manure of the 
village, later in 1980 the University of Boo-Ali Sina in the Hamedan city, established small pilot units 
for providing energy from the cow manure and slaughterhouse wastes also the Sharif University of 
Technology in 1983 used the same process for producing energy from the animal feces. [63, 184, 203] 
Biomass is important and unique source of energy among the renewable energy sources, that can 
converted to the several forms (i.e. heat, electricity and bio-fuels). Iran has considerable achievements 
in the field of biomass energy, the activities in this field are mainly focused on scientific and research 
aspects and also the country has succeeded in some practical activities in terms of Bio-energy and 
Bio-products. Due to the country’s achievements in the field of biomass energy applications, the 
foreign and domestic investors have become interested in investing in this field in Iran. [10] 
3.5. Bio-Power in Iran 
The amounts of power generation from biomass resources in different cities of Iran are given by the 
Table 11. Moreover some of the Iran’s biomass energy research projects details are as follows: 
− Establishment of a 460 KW capacity, Biogas Unit in Saveh City, the project aims to establish the 
first biogas power plant for producing electricity energy from solid and liquid organic wastes 
including household wastes, urban sewage and slaughterhouse wastewater for establishment of 
electricity. The establishment of this pilot project helps to develop such systems in many parts of 
the country. The water and fertilizer are the side products of this project can play important role in 
agriculture and green space development. 
− Establishment of the first solid waste incineration plants of Iran in the city of Mashhad and the 
City of Shiraz, with 100 KW capacity in 2009. Germany, Netherlands and Spain helped Iran for 
constructing the power plants. 
− Feasibility Studies of municipal solid wastes in many cities of Iran for establishing 10 MW power 
plants, the power plants operating system is based on municipal waste as fuel for production 
electricity. The project has implemented across the country, some of achievements of this project 
are as follows:  Evaluation of potential of municipal solid waste sources in cities over 250000 
people, feasibility study of 20 sites and selecting 10 superior sites also selection and design of two 
power plants in two different cities with two different technologies to establish 10 MW power 
plants, assessment several energy production technologies and economic and environmental 
impact assessment to set up these two power plants. 
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− Establishment of electricity production power plant from the produced gas of Mashhad city 
landfill with 600 KW capacity and Shiraz city landfill with 1000 KW capacity. 
− Establishment of the Tehran and Tabriz and Esfahan Sewage Refineries with 48 MW capacity. 
− Execution of 6 MW Power Plants of Mazandaran province, operating on Waste-Based Fuel. 
− Execution of Waste Water Treatment Center with 1 MW capacity in the North of Isfahan. 
− Execution of 4 MW power plant of Tehran operating on Waste-Based Fuel. The plant consisted of 
two gas turbine units with 2 MW capacities. Around 10% of the generated power is for the in-
plant uses and the rest would be sold. 
− Execution of 2 MW Digestive Power Plant of Tehran. 
In 2014 the US Company has signed the agreement to invest in the project of generating electricity 
from burning 1,500 tonnes of solid wastes per day in the Chaharmahal Bakhtiari Province, 80% of the 
execution process will be employed locally, while the American Company provides machinery, 
equipment and technical expertise. [112, 192, 199] 
  City name Pinc (mw) Ppg (mw) Pad (mw) Pslf (mw) 
  Abadan  2.13 1.53 1.03 0.72 
  Ahvaz  12.00 6.90 8.99 6.34 
  Arak  3.91 1.95 3.44 2.34 
  Ardebil  5.95 4.48 2.42 1.71 
  Bakhtaran  2.35 2.09 0.30 0.21 
  Bandar-e Abbas  3.62 2.02 2.68 1.89 
  Boroujerd  1.23 0.68 0.94 0.66 
  Dezful 2.20 1.59 1.07 0.75 
  Eslamshahr  3.64 2.08 2.74 1.93 
  Gorgan  4.22 3.45 1.26 0.89 
  Hamadan  6.56 3.21 5.47 3.86 
  Isfahan  21.16 16.02 9.06 6.39 
  Karaj  17.78 12.58 9.07 6.40 
  Kashan  2.92 2.05 1.52 1.07 
  Kerman  3.85 2.14 2.46 1.73 
  Khorramabad  3.89 2.31 2.73 1.93 
  Mashhad  22.60 14.43 14.26 10.05 
  Orumiyeh  6.50 4.03 4.06 2.86 
  Qazvin  5.11 3.58 2.63 1.85 
  Qom  10.64 8.22 4.21 2.97 
  Rasht  7.42 5.70 2.79 1.97 
  Sanandaj  3.20 2.33 1.49 1.05 
  Sari  3.05 1.73 2.26 1.59 
  Shahre Ghods  2.09 1.19 1.57 1.11 
  Shiraz  17.29 13.72 5.98 4.22 
  Tabriz  15.11 9.85 8.83 6.22 
  Yazd  2.98 1.66 1.90 1.34 
  Zahedan  3.81 3.15 1.00 0.71 
  Zanjan  3.41 2.19 2.12 1.49 
Tab. 11 - Bio-power generation in different cities of Iran. Pinc: Power generation using livestock and agricultural waste, 
Ppg: Power generation using human and industrial wastewater, Pad: Power generation using anaerobic digestion process, 
Pslf: Power generation using food and forest waste. 
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3.6. Bio-Fuels in Iran 
The requirement for replacement of fossil derived fuels with renewable energy sources such as biofuel 
is clear. Bio-fuel production in Iran has advantages such as development of rural areas, greenhouse 
gas reduction, increasing the national energy security for now and future. Typical feed-stock for 
producing bio-fuels in Iran are agricultural residues like Sugar beet molasses and sugar cane also 
agricultural crops such as non-edible oilseeds in addition edible oilseeds like canola, soybean and 
cotton, corn, olive, sunflower and sesame. Some researches in Iran shows the possibility of utilization 
edible oil seeds for producing biodiesel in several regions of Iran. The studies estimated that biodiesel 
produced from oilseeds has the potential to replace about 2% of domestic diesel consumption. 
Golestan, Fars and Khorasan are three large provinces of Iran with a great potential for oil seeds 
plantation. Currently the utilization of first generation bio-fuels in Iran is disputed mainly because of 
their impacts on the national food security and food markets. The second generation bio-fuels 
produced from feed-stock ranging from ligno-cellulosic feed-stock to municipal solid wastes and this 
variety of feed-stock makes the process of extraction of bio-fuels harder but still more reliable since 
using wastes as source of energy will not interfere with food security. [111, 116] 
 
Fig. 40 - Schematic plan for bio-fuel production from resources to end use utilization. 
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Fig. 41 - Potentials of different agricultural crops for bioethanol production in Iran. [119] 
 
Fig. 42 - The potential of different oil seeds for biodiesel production in Iran. [119] 
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Fig. 43 - The share of different Iranian provinces in cotton, soybean and canola production. [119]
Fig. 44 - Outlook of bioethanol production based on different blends in Iran, 2010 – 2020. [119]
Fig. 45 - Outlook of biodiesel production based on different blends in Iran, 2012 – 2022. [119] 
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Recently large number of studies has been performed in Iran on non-food crops like jatropha and also 
microalgae for producing of biodiesel.  Jatropha curcas is perennial shrub, it produces rich oilseeds 
which easily convertible into biodiesel. This plant grows naturally in tropical and subtropical regions 
with rainfall over 944 millimeters per year, so for Iran as arid and semi-arid climate country, Jatropha 
is not an optimum option. Iran in 2011 had produced biodiesel fuel by extracting oil from Jatropha 
plant which was grown in southern part of the country as a pilot project. [98, 128, 153] 
Regarding studies about microalgae species as the bio-fuel generating source in Iran, wide and various 
types of micro algal species are growing in saline lakes of Iran like Urmia Lake (3rd largest salt water 
lake), also there are some plans for establishing ponds in southern parts of the country for cultivation 
of microalgae. Some of the species of microalgae are rich in oil, which can provide different forms of 
bio-fuel such as biodiesel, bio-hydrogen and bio-methane. [97, 130, 140, 220] 
In 2012 Iran has become one of seven countries in the world which produced bio-fuel, Iran produced 
a sample of bio-fuel and at the moment is preparing for producing bioethanol 10,000 liters per day 
capacity in Khuzestan Province in near future. Khuzestan’s bioethanol generates from the 12 million 
tonnes of bagasse. [26] 
Iran in 2013 launched the biodiesel production plant in the central part of the country in Esfahan 
province, the biodiesel in this plant will generate mainly from food processing factories wastes. The 
construction of several plants in every parts of the country shows the Iran's attempts to increase 
reliance on environment friendly fuels. [94] 
According to the Alternative Energy Development Plan of Iran, until 2025 the country’s power 
generation will multiply by three and notable increase of liquid bio-fuel production for answering 
requirements of the transportation sector in Iran is expected. Consequently, the demand for biomass 
energy sources will increase. Thus utilization of wastes as the energy sources offers indefinite 
opportunities for the future development of bioenergy, furthermore the future success of Iran in the 
field of bioenergy developments depends on some other factors, such as the implementation of related 
policies and frameworks, availability of efficient and suitable conversion technologies, the long term 
and cost effective biomass fuels supply security. 
 
3.7. Biomass Energy Sources in Iran 
Iran’s geographical vastness as well as daily increases of organic and biodegradable waste materials 
resulting from different activities, offers a proper capability for energy generation from biomass in the 
country. According to the Iran’s strategic document of renewable energies, the biomass feed-stock in 
Iran has been divided in to the following categories: 1: Agricultural and forestry wastes 2: Animal 
waste 3: Municipal waste 4: Food industry waste 5: Sewage and industrial effluents. [129] 
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3.7.1. Agricultural Resources 
Iran has various types of agricultural crops due to the country’s climate and terrain diversity. The 
agriculture sector plays a very important role in the economy of the country, especially in the rural 
region’s economy. At least 30% of the lands in Iran have the potential for cultivation but the country 
use 12% of it, on account of lack of the sufficient water supplies and soil salinity in many areas of the 
country. [5, 132, 174] 
According to the Food and Agriculture Organization (FAO), Iran ranks amongst the top 7 countries in 
producing 22 important agricultural products, including cereals (wheat, rice, corn, etc.), fruits, 
vegetables, cotton, sugar beets, sugarcane, potato, corn, pistachios, nuts, canola, olives, saffron, tea, 
tobacco, Berberis and medicinal herbs, since, wheat, rice, corn and barley are the country's major 
agricultural crops. The Iranian agricultural sector currently constitutes almost 30% of country’s non-
oil exports. The total agricultural production in 2012 was 118 million tonnes in Iran. [8, 18, 242] 
Iranian agricultural policies have been included in the country’s Five Year Development Plans since 
1990, which the latest one runs from 2011 to 2015 and defines governmental policy aims to reach 
food production and agricultural self-sufficiency. Iran is also attempts to increase the share of non-oil 
revenues by exporting the agricultural crops, but the environmental conditions such as a limitation of 
appropriate land and water supplies and also increasing country’s food demand by the growing 
population will prevent Iran from achieving full sustainability and food security in the near future, In 
2007, the country had reached 96% self-efficiency in some of essential crops. [107] 
Using agricultural crops as a biomass energy feedstock does not seem the best option for clean energy 
generating globally, mainly due to the irreversible impacts of it on the food security and food prices in 
the global markets, these problems are more highlighted for Iran, due to the country’s environmental 
issues, land and water supply limitations for agricultural crop production, annually 17% to 20% of 
total crops production in Iran converts to agricultural residue, moreover considering the fast 
population growth and as a result the waste production increases along with the targets of the waste 
management policies of the country, one of the best options for generating bioenergy and meanwhile 
reducing waste is utilizing biodegradable wastes for the energy recovery. The potential energy value 
of agricultural wastes in Iran was estimated about 8.78 million tonnes in 2008. [24, 172, 250] 
Currently in Iran the major part of the agricultural residues are burned or disposed due to the low 
investment and limited capacity of bio-refineries and biomass conversion facilities. 
Type of crop 
wastes 
Wheat 
wastes 
Sugar cane 
wastes 
Rice 
wastes 
Barley 
wastes 
Corn 
wastes 
Potato 
wastes 
Date 
wastes 
Sugar beet 
wastes 
Grape 
waste 
Apple 
wastes 
Megatonne 
per year 
7.5 4.3 1.05 0.6 0.5 1.5 0.9 0.25 0.9 0.9 
Tab. 12 - The amount of major agricultural residues in Iran, 2010. 
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Tab. 13 - The energy potential of agricultural residues in Iran, 2008 (Part A). [16] 
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Tab. 14 - The energy potential of agricultural residues in Iran, 2008 (Part B). [16] 
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3.7.2. Forest Resources 
Iran’s Forests are covers around 12% of the country’s land area (11 million hectares). The Iranian 
forests and pastures are nationalized and more than 12% of them are protected nominally including 
seven national parks and around sixty other protected areas. Iran is sparsely forested, they are 
temperate, semi-humid; semi-arid and arid forests with more than 90% hardwoods. 
The Hyrcanian forests are the most valuable and productive forests of the country with 820,000 cubic 
meters of timber products in 2004 and more than 90% of this amount was for industrial purposes, 
these forest lands are located in the north of the country, between the Caspian Sea and Alborz 
mountains. The Hyrcanian forests are important for the country’s biodiversity and they are the richest 
ecological forests in Iran. 
The west of the country also has important areas covered by forests and pastures, before 1985, wood 
from these forests was applied as a traditional biomass energy source but currently the cutting of trees 
is severely controlled by the government. Iranian forest industries productions includes wood raw 
materials, round wood production which mostly used for agricultural purposes, sawn wood and wood-
based panels, pulp wood and paper from hardwood species and etc. Currently the fuel wood 
production shows downtrend. [64, 100, 102, 117] 
 
Over the past 50 years 41% of Iranian forest areas were lost mainly due to the mismanagement and 
also fires, illegal tree felling, overgrazing or other illegal activities. Over the past few years serious 
preservation programs has been implemented by the government to protect the remaining forests as 
well as several reforestation programs to restore damaged forests and also to improve raw wood 
production potential of the country, one of the most successful programs which has been executed by 
the government and private sector between 1994 to 2004 for ten years in Iran was the poplar 
plantations to enhance the wood production potentials. The poplar is a fast-growing species and it can 
save greenhouse gas by 51% to 100% versus petroleum, the plant annual bioethanol yield has 
estimated about 3700 to 6000 Liters per hectare. [12, 64, 100, 117] 
 
Considering the low net energy production from plants besides the country’s difficulties in supplying 
adequate water and providing suitable land, additionally other environmental issues such as air 
pollution, overgrazing, desertification and deforestation, planting plants in order to obtain bioenergy is 
not acceptable option to prepare a reliable biomass energy resource. [198] 
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Tab. 15 - The energy potential of forests in Iran, 2010. [16] 
3.7.3. Animal Waste 
Iran’s livestock industry has increased due to the population growth over the past years, in addition 
animal husbandry is the major occupation of farmers, nomadic and seminomadic tribes scattered over 
the country. The animal dung production has risen with the livestock industry development. The large 
part of animal dung in Iran is used as a natural fertilizer. The energy potential of animal wastes was 
about 7.7 million tonnes in 2008, energy extraction from animal wastes has many environmental and 
economic benefits. [80, 117] 
Kind of animal Number of animals Coefficient of conversion Total energy potential 
Sheep and goats 78,026 0.048 3745 
Donkey, horse, mule 
and camel 
1823 0.235 428 
Poultry 481,000 0.003 1443 
Cattle 8548 0.245 2094 
Total --- --- 7710 
Tab. 16 - The bio-energy potential of animal wastes in Iran, 2008. [6, 93] 
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3.7.4. Municipal and Industrial Sewage  
Annually more than 3.5 billion m
3
 of Municipal and more than 1.5 billion m
3
 industrial sewage 
generate in Iran which considers as an important energy potential for the country. [195] 
3.7.5. Municipal and Industrial Wastes 
The generation of more than 25 million tonnes of municipal and industrial wastes per year with 84% 
landfilling, 10% composting and 6% recycling in 2008. The problems of municipal and  industrial 
waste management has become a serious issue of concern to the Iranian government, massive 
amounts of Municipal and Industrial wastes in the whole country, the necessity of waste recycling and 
minimizing environmental impacts and hazards in addition inefficient and expensive managing 
recycling programs are some of these problems. The first priority of waste management in Iran is 
source reduction and the government has established the principal guidelines, legislations and 
strategies regarding source reduction application in the country, by implementation of source 
reduction strategies and programs, the municipal and industrial wastes which produced inside the city 
boundaries can be reduced substantially also recycling programs can be combined effectively with 
source reduction strategies. The waste management departments of the municipalities of Iran in 
cooperation with the private sector have succeeded in establishing the recycling industrial centers. 
The most important developed operations by the Waste Management Organizations are waste sorting 
and recycling, which highly helped reduce environmental issues and losses of national assets but they 
are still inefficient, Iran is recycling almost 6% of wastes while 20% to 25% of wastes are recyclable 
materials. Moreover, Iran 84% landfilling waste system causes many environmental problems such as 
air and water pollutions due to the emissions (greenhouse gas, leachate and toxin leaches) into 
atmosphere and water in addition land use change, there are so many other problems associated with 
the remote area landfill sites including open-air waste burning, open-pit dumping and uncontrolled 
waste disposal, which can pose a threat to the environment and public health. [2, 45, 46, 170, 195, 223] 
Municipal Solid Waste generation in Iran is 18,018,982 tonnes per year and the average generation 
Per Capita is 0.2 to 0.7 kilograms per day but this amount for the capital city of Tehran is about 0.88 
kilograms per person per day with 12.5 million population, some factors affecting this value in Iran is 
incomes of the people, their consumption pattern and etc. In 2008 more than 7.641 tonnes of 
municipal solid waste was produced in the city of Tehran every day that were more than 70% to 75% 
composed of organic materials or wet wastes and about 25% to 30% of it was composed of dry and 
recyclable wastes. Today, more than 8000 tons of municipal solid waste which were produced in the 
Tehran city is landfilling, the leachate of the waste which landfilled in one of the Tehran’s disposal 
site (Kahrizak) has created a lake with the volume of 180000 cubic meters and 12 hectares area, and 
in some places the height of landfilled wastes reach 100 meters. For treatment plant near the site is 
under construction for treating this amount of leachate. Every day about 33504 cubic meter biogas can 
be produced from the Kahrizak landfill, and it is sufficient to run a 3.4 MW capacity power plant. The 
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Kahrizak disposal site is one of the largest landfills in Iran with 2000 hectares area but also the 
country has many other populated cities which all have the same waste management issues. 
[14, 180, 223, 252] 
 
 Fig. 46 - The leachate lake of Kahrizak’s landfill site, Tehran, Iran (2010). [223] 
 
Fig. 47 - The twelfth phase of Kahrizak Disposal site, Tehran, Iran (2010). [223] 
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4. Bio-Fuels Market 
More than fifty countries globally have implemented bio-fuel targets and blending mandates. Biofuels 
are being used and marketed in the transport sector of many countries in the form of liquid and 
gaseous (biogas). Bio-fuel production and consumption in 2013 was 116.6 billion liters globally with 
7% growth compared to 2012. Liquid bio-fuels including ethanol with 87.2 billion liters and biodiesel 
with 26.3 billion liters are the largest share of the global bio-fuel production from renewable energy 
sources. 
Fig. 48 - Global production of Ethanol, Bio-diesel and HVO, 2000 – 2013. [189] 
 
Transport Fuels Production 
(billion litres/year) 
Added During 2013 Existing at the end of 2013 
Bio-ethanol 4.6 87 
Bio-diesel 2.7 26 
HVO 0.4 3 
Tab. 17 - Global production of major transport bio-fuels (bio-ethanol, bio-diesel and HVO) in 2013. 
• Bioethanol: United States with 50 billion liters ethanol production almost from corn and 
Brazil 25.5 billion liters sugarcane ethanol production produced 87% of total ethanol 
production of the world. In United States bioethanol covers 10% of the domestic gasoline 
demand in addition about 2.4 billion liters of produced bioethanol in United States exported to 
many countries such as Canada, Philippines, the United Arab Emirates and etc. In 2013 the 
demand for the co-products including corn oil also livestock feed for ethanol production 
increased in United States. Bioethanol has the largest market compared to the other transport 
bio-fuels. 
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• Biodiesel: Europe in 2013 had the largest share of biodiesel production and consumption in 
the world with 10.5 billion liters of FAME and 1.8 billion liters of HVO production. 
European biodiesel producers have started to import vegetable oils, animal fats and used 
cooking oils as a fee-dstock of biodiesel. In United States production of FAME and HVO was 
about 17% of the total production in 2013. Germany and Brazil also increased their biodiesel 
production in 2013. 
•  Bio-methane: They are being produced in limited amounts but in growing quantities, purified 
biogas is being used by some European countries, North America and China in cars, buses, 
and other vehicles. Moreover Middle East and Asia are developing facilities for bio methane 
production for vehicle fuelling. 
 
Tab. 18 - Annual bio-fuel production of EU-27 and Top 16 Countries in 2013. [189] 
 
Despite the bio-fuel production growth in 2013 but some bio-fuel markets faced challenges due to the 
market barriers such as inefficient market organization, lack of bio-fuel distribution companies, 
interactions with other markets, Security of the feed-stock supply specially 1st generation biofuels, 
improvement vehicle efficiency, quality, high prices of bio-fuel compared to petroleum and etc.  
In 2013 global investment in renewable power and  renewable fuels was USD 214.4 billion, this 
number of investment doesn't include hydropower project more than 50 megawatts, the amount of 
investment is about 14% lower than 2012 investments du to the declines in revising and 
implementation of  supporting policies, crisis and etc. [189, 257] 
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Fig. 49 - New investments in renewable power and fuels; Developed vs. Developing Countries (2004 – 2013). [189] 
 
Fig. 50 - Global investment in renewable energy by technology, Developed vs. Developing Countries in 2013. [189]  
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Fig. 51 - Global new investment in renewable power and fuels, by Region, 2004 – 2013. [189] 
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5. SWOT Analysis 
In times of shrinking fossil-fuel sources, bio-fuels are an alternative option for covering transport 
needs in current situation. Contribution of bio-fuels to secure energy supply and reducing of 
greenhouse gas emissions are potentials of bio-fuels as their main advantages in compare with other 
renewable energy sources. Also bio-fuels production is land and cost intensive, which has been raised 
as their major drawback. Meanwhile, variety of bio-fuels generations and their related resources and 
producing technologies have many side-effects on comparing them with fossil-fuels. In order to get an 
overview of positive and negative aspects of bio-fuels, SWOT analysis method can properly address 
bio-fuels in general comparison with fossil-fuels, and also in specific comparison with bio-fuels 
related resources in Iran as case of study. 
Originally a SWOT Analysis (alternatively SWOT matrix) is a structured strategic planning tool used 
to evaluate the Strengths (S), Weaknesses (W), Opportunities (O), and Threats (T) involved in a 
project or business venture. It can be carried out for a product, place, industry or person, which 
involves specifying the objective of the business venture or project and identifying the internal and 
external factors that are favorable and unfavorable to achieve that objective. 
 
Strengths: 
Characteristics of the business or project 
that give it an advantage over others. 
Weaknesses: 
Characteristics that place the business or 
project at a disadvantage relative to others. 
 
Opportunities: 
Elements that the project could exploit to 
its advantage. 
 
Threats: 
Elements in the environment that could 
cause trouble for the business or project. 
 
SWOT analysis aims to identify the key internal and external factors seen as important to 
achieving an objective. It groups key pieces of information into two main categories: 
 
Internal factors: 
The strengths and weaknesses internal to the 
organization 
External factors: 
The opportunities and threats presented by 
the environment external to the organization. 
 
Analysis may view the internal factors as strengths or as weaknesses depending upon their effect on 
the organization's objectives. The factors may include all of the 4Ps (product, price, promotion and 
place/distribution), as well as personnel, finance, manufacturing capabilities, etc. The external factors 
may include macroeconomic matters, technological change, legislation, and sociocultural changes, as 
well as changes in the marketplace or in competitive position. The results are often presented in the 
form of a SWOT matrix that is shown in the next page. [216] 
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Tab. 19 - A SWOT analysis, with its four elements in a 2×2 matrix. [216] 
In this study SWOT analysis is not applied to a specific business venture, but as a venture capital it is 
applied to evaluation of feed-stock sources for production of bio-fuels.  
The objective of this SWOT analysis is to demonstrate most suitable biomass feed-stocks for 
converting to bio-fuels for transportation uses in order to replace fossil-fuels. Therefore, two SWOT 
analyses steps are performed for Iran as a case of study, including; 
• First step: A general SWOT analysis for comparing between bio-fuels and fossil-fuels. 
• Second step: A general SWOT analysis for three biomass feed-stocks categories which are used 
for bio-fuels production, including agricultural crops, agricultural residues together with 
herbaceous plants, and bio-waste. 
Regarding the upcoming results, it is important to know that the number of positive or negative 
aspects does not determinate the overall evaluation of the feed-stocks categories, as all aspects and 
arguments are qualitative and not quantitative in nature. 
The demonstration of the results is based upon tables showing the strengths, weaknesses, 
opportunities, and threats. These tables provide an overview of the advantages and disadvantages of 
bio-fuels. 
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5.1. First Step 
In this step, a SWOT analysis is performed by generally comparing bio-fuels with fossil-fuels. Both of 
them are substitutes and in competition, but only bio-fuels are renewable and therefore can be a 
sustainable option as transport fuel. Also, bio-fuels are green and usually they contain lower range of 
environmental pollutants, which means an environmentally friendly option. 
 
 Bio-fuels Fossil-fuels 
S
tr
e
n
g
th
s
 
 Their production contributes to secure energy supply. 
 Long term experience exists for their production 
 and use. 
 They reduce dependence on foreign transportation 
 fuels import. 
 A well-established infrastructure (petrol stations, 
 vehicles) exists for them. 
 They support economic security 
 Their production is characterized by scale effects 
 because of centralized refineries. 
 Their use can reduce GHG emissions. 
 They are characterized by high energy content 
 per volume. 
 Because of longer value chain within the national 
 boundaries, their production creates new employment. 
 They have relatively lower production cost. 
 Production of feed-stocks for energy purposes 
 creates job opportunities especially in rural areas. 
 Fossil sources relatively easy to find. 
 Their production creates an additional distribution 
 channel for agricultural products that raise the 
 income for farmers. 
 Currently they are cost effective. 
 Some of them can be produced decentralized and 
 therefore support rural economies. 
 Iran has huge amounts of fossil-fuels reserves. 
 Feed-stocks production for energy purposes can 
 reduce agricultural premiums and subsidies. 
--- 
 Their feed-stocks production is a useful measure 
 for using set-aside lands. 
--- 
 Feed-stocks production has the ability to 
 reforestation of wastelands and to prevent further 
 land degradation. 
--- 
 They provide additional income because of 
 co-products production. 
--- 
 Generally they are not toxic or only a little. --- 
 Their supply chain can be characterized by relatively 
 short transport distances (locally produced and locally 
 used), which means low transportation cost. 
--- 
 They can be produced from waste biomass as a 
 feed-stock, which means landfill waste reduction. 
--- 
 Their biomass feed-stocks are abundant 
 (i.e. agricultural crops and residues, animal dung, etc.) 
--- 
 They produce very low amounts of SO2 as an air 
 pollutant, thereby minimize acid rain. 
--- 
 They are clean source of energy and they don’t have 
 harmful emissions.  
--- 
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 Bio-fuels Fossil-fuels 
W
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 Agricultural feed-stocks farming for bio-fuels 
 production is land consuming and its development 
 causes deforestation and natural habitats destruction. 
 They are non-renewable. 
 Agricultural feed-stocks farming for bio-fuels 
 production cause heavy soil erosion in lands. 
 They will wane supplies in coming decades and 
 therefore they are considered unsustainable. 
 Agricultural feed-stocks farming for bio-fuels 
 production can lead to monoculture which has 
 negative effects on soil and environment. 
 The use of fossil-fuels is controlled by few 
 international Mega-companies. 
 Agricultural feed-stocks farming for bio-fuels 
 production need huge amount of fertilizers which 
 causes water pollution. 
 Price and price volatility of fossil-fuels largely 
 depends on international economic and political 
 conditions. 
 Agricultural feed-stocks farming for bio-fuels 
 production needs massive quantities of water which 
 impose strain on water resources. 
 Readily available sources of fossil-fuels are nearly 
 over; therefore the extraction cost has increased 
 during recent years. 
 Agricultural feed-stocks production largely depends 
 on many vagaries of nature, including extreme 
 weather conditions and pest attacks. 
 Fossil-fuels prices are continuously rising. 
 Bio-fuels production affects price and price volatility 
 of food negatively and also causes food shortage. 
 The demand of fossil resources causes conflicts 
 and wars any moment. 
 Bio-fuels general production costs are higher in 
 compare with fossil-fuels. 
 High rate use of fossil-fuels for transportation 
 purpose causes dependence of imports them  partly, 
 which means potential risk for national security. 
 Their prices greatly depend on the sale of co-products 
 Fossil-fuels supply chain is characterized by long 
 transport distances. 
 Normally they contain less energy per volume than 
 fossil-fuels. 
 Large quantity reserves are necessary for them. 
 They could emit more NOx than fossil-fuels as an air 
 pollutant into atmosphere. 
 Crude oil and fossil-fuels are highly toxic. 
 Not all bio-fuels are compatible with existing engines 
 and various engine technologies designing are needed 
 Their spills pollute the soil and aquatic 
 environment. 
 They often emit several types of air pollutants, which 
 usually are not measured. 
 Their use emits various kind of air pollutants such 
 as SO2, NOx, CO, etc. which cause acid rain and 
 ozone layer damaging. 
--- 
 Emitted air pollutions and other related noxious 
 gases affect human health negatively. 
--- 
 Their use contributes to global warming through 
 greenhouse gas emissions (excess CO2). 
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 Bio-fuels Fossil-fuels 
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 Bio-fuels have the opportunity to replace a large 
 percentage of fossil-fuels. 
 The market of transport fuels is dominated by fossil- 
 fuels and will likely be so in the foreseeable future. 
 Bio-fuels have the opportunity to decrease 
 dependency on crude oil and natural gas. 
 For fossil-fuels a powerful and well-structured 
 political lobby exists. 
 Bio-fuels have the opportunity to decrease imports 
 of transportation fossil-fuels. 
 Fossil-fuels have the chance to persist on the market 
 as long as the price is considerably higher than the 
 price for bio-fuels. 
 Bio-fuels have the opportunity to reduce air 
 pollution and GHG emissions. 
 Production of fossil-fuels will increase national 
 energy security. 
 An early introduction of bio-fuels facilitates a 
 peaceful change from the era of fossil-fuels to the 
 era of future fuels. 
 The government of Iran gives permanent importance 
 to increase exploitation of crude oil and natural gas 
 in each IRI-FYDP. 
 Since bio-fuels are of rising interest, there exist 
 many research initiatives. 
 The government of Iran gives special importance to 
 develop and expand oil, gas and petrochemical 
 industries in each IRI-FYDP. 
 New more efficient energy crops will be found for 
 bio-fuels production. 
 By increasing the price of fossil-fuels, country’s 
 revenue from export of crude oil, fossil-fuels and 
 other petrochemical products will increase. 
 New and more efficient conversion technologies 
 will be found and existing technologies will be 
 improved. 
 With rising prices of crude oil other fossil resources 
 such as oil sands and oil schists become competitive. 
 By promoting fuel cells technologies, more 
 efficient use of bio-fuels would be possible. 
 By developing oil, gas and petrochemical industries, 
 a large number of work opportunities will create. 
 By developing bio-fuels production and utilization, 
 non-petroleum dependent gross domestic product 
 (GDP) of Iran will increased. 
 Development of petroleum based industries will 
 increase GDP significantly. 
 The government of Iran gives special importance to 
 promote research and development in production 
 and utilization of alternative energies in each Five 
 Year Development Plans (IRI-FYDP). 
--- 
 The government of Iran has stablished policies for 
 developing share of bio-fuels in the energy market. 
--- 
 Government supporting packages: 
- Supporting private sector for dissemination of 
renewable energy applications, 
- Supporting manufacturers for transferring and 
localization of renewable energy technologies, 
- Supporting the research centers to expand their 
research programs for renewable energy 
technologies, 
- Providing sustainable and accessible energy to 
the poor and isolated areas. 
--- 
 Membership of Iran in the Kyoto Protocol to the 
 United Nations Framework Convention on Climate 
 Change (UNFCCC). 
--- 
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 Bio-fuels Fossil-fuels 
T
h
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 The bio-fuels market is a relatively new market. 
 Fossil-fuel production is limited due to the limited 
 availability of crude oil. 
 The political lobby for bio-fuels is weak when compared 
 to the lobby of fossil-fuels. 
 The market share of fossil-fuels will decrease 
 because of increasing the market share of other 
 fuels such as bio-fuels. 
 Bio-fuel production is limited due to land availability for 
 feed-stocks production. 
 The mid-depletion point (peak oil) for crude oil is 
 expected for the next 5-15 years. 
 Feed-stocks production of bio-fuels is in competition 
 with food production. 
 Discoveries of new oil fields decreased in the last 
 few years. 
 The market share of bio-fuels in Iran is very low and they 
 are completely used for power generation. 
 Increasing production and utilization of bio-fuels 
 in the world threaten market share and export of 
 fossil-fuels and decrease GDP of Iran. 
 Due to water scarcity and the risk of water crisis in Iran, 
 feed-stocks productions for bio-fuels are not economically 
 and environmentally justified 
 Development of exploiting from oil sands and oil 
 schists sources in USA and China can significantly 
 decrease global fossil-fuels price and GDP of Iran.  
 Increasing fossil-fuels prices will convert bio-fuels 
 production to non-economically justified option. 
 Increasing population of Iran increases its domestic 
 energy needs, which decrease contribution of Iran 
 in global market share of fossil-fuels. 
 Investment for research and development in bio-fuels field 
 is very low in Iran. 
 Economic sanctions and reducing energy sales 
 (i.e. fossil-fuels) of Iran at the international level. 
 Nuclear energy severely undermines bio-fuels justification 
 as an alternative source of energy in Iran. 
 Low efficiency power plants of Iran consume huge 
 amount of fossil-fuels for electricity production. 
 Iran is a developing country that needs huge amount of 
 high energy content fuels for its domestic requirements. 
 Lack of proper and optimal use shared oil reserves 
 of Iran with other countries. 
--- 
 Lack of adequate security for foreign investors in 
 oil and gas industries. 
--- 
 Complete economic dependence on energy sources 
 for national income. 
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5.2. Second Step 
In this step, a SWOT analysis is performed by generally comparing bio-waste with agricultural crops, 
and agricultural residues and herbaceous plants as three selected categories of feed-stocks for 
converting to the most commonly used and affordable bio-fuels such as bio-methanol, bio-ethanol, 
bio-diesel and other lipid derived fuels, BtL fuels, bio-methane and bio-hydrogen. 
 
According to agricultural crops category, sugar cane and sugar beet are the most important and high 
production volume sugar base crops; also wheat, barley and rice are the most important and high 
production volume starch base crops; moreover cottonseed, rapeseed, sunflower seed, soybean, 
sesame and flaxseed are the most important and high production volume oil base crops in Iran. 
 
According to agricultural residues category, husks, shells and straws of rice and barley, chaffs, shells 
and straws of wheat, maize and all kinds of legumes, bagasse of sugarcane, and pruned leaves and 
shrubs of orchards are the most important and high production volume cellulosic, hemi-cellulosic, 
lingo-cellulosic biomass feed-stocks in Iran. Also meadows and reed beds are the most important 
sources of grass, reeds and other non-woody plants (herbaceous plants) in Iran. 
 
According to bio-waste category, aside from large amount of green waste from gardens, parks, 
boulevards and other urban green spaces and also massive amount of food processing waste and 
residues from food processing plants, there is a great potential in extreme amount of stale-bread and 
kitchen waste from houses, leftover and waste food and waste fraying oil from canteens and 
restaurants, and rotten, expired and damaged foods from supermarkets, caterers and retail premises in 
Iran because of its high urban population. 
 
Evaluating the mentioned categories of feed-stocks is largely influenced by natural (climatic and 
topographic), regional and social conditions. In order to reduce geographical impacts on the 
evaluation of categories of feed-stocks, the SWOT analysis is performed for the whole of Iran, though 
even in Iran the conditions vary largely from region to region. 
  
 97 
 
 
 
 
 
 
 
 Agricultural Crops 
Agricultural Residues 
& 
Herbaceous Plants 
Bio-waste 
S
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 High yield of production.  It is almost always free feed-stock. 
 Normally they don’t contain hazardous materials. 
 It is not in competition with food 
 and feed. 
 Support the energy security. 
 Usually they don’t need to sort.  Mixture of feed-stocks can be used 
 It doesn’t have any negative 
 impacts on food/feed price 
 and their price volatility. 
 High energy content.  Relatively high energy content. 
 Its production doesn’t need land, 
 water and fertilizers. 
 Simple conversion processes. 
 Normally they are not edible for 
 human and some animals. 
 Its production doesn’t have any 
 negative impacts on soil or water 
 resources. 
 Minimum steps for conversion. 
 Less farmland is required and also 
 they are not in competition with 
 food, so they don’t have negative 
 impacts on food price. 
 Its production is not dependent on 
 climatic & topographic conditions 
 of regions. 
 Their related conversion 
 technologies were developed, 
 which are more cost effective. 
 Their land use isn’t in competition 
 with farm lands that are used for 
 food. 
 Its utilization for producing bio- 
 fuels decreases landfilling disposal 
---  They can grow on marginal land. 
 It has higher production rate in 
 urban areas. 
---  They are usually low cost or free.  It is environmentally friendly choice 
--- ---  It is always & everyday available 
--- ---  It is a growing potential. 
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Agricultural Crops 
Agricultural Residues 
& 
Herbaceous Plants 
Bio-waste 
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 Increasing their production will 
 affects price and price volatility 
 of food negatively. 
 Increasing their production may 
 increases feed price. 
 Usually it is a mixture of different 
 biomasses, and sometimes it isn’t 
 possible to use separately. 
 Increasing their land use decreases 
 land share for food and feed 
 production. 
 Increasing their land use may 
 decreases land share for feed 
 production. 
 Normally separation and sortation 
 are needed before conversion. 
 Increasing their production causes soil erosion, poverty of soil 
nutrients and land degradation. 
 Usually it needs pretreatment and 
 several conversion technologies. 
 Their production needs huge amount of water, and development of 
 their production has negative impact on water resources. 
 Its composition varies from region 
 to region. 
 Their production needs large amount of fertilizers, which causes soil 
 and water pollution. 
 Final products are highly dependent 
 on composition of feed-stock. 
 Development of their production causes deforestation & habitat loss.  It may contain hazardous materials 
 Their production is highly dependent on climatic and topographic 
 conditions. 
 High initial investment is needed. 
 Their production in regions suffering droughts, water scarcity or 
 water crisis is not economically and environmentally justified.  
--- 
 Development of their production 
 causes loss of bio-diversity. 
 Due to wide plant coverage loss 
 of land, evaporation of soil 
 moisture will intensify. 
--- 
 The natures of crops are different 
 (sugar, starch or oil base), each one 
 need specific conversion processes 
 and technologies. 
 Their conversion technologies 
 usually needs higher amount of 
 energy. 
--- 
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Agricultural Residues 
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 New more efficient agricultural 
 energy crops will be found. 
 New plant species with higher 
 content of energy and more 
 efficient growth rate will be found. 
 It will be pre-separated/selected in 
 the place of its producer. 
 Genetically engineered crops 
 with much higher content of 
 energy and faster growth rate. 
 Genetically engineered plants with 
 lower water needs and faster 
 growth rate. 
 Its contaminants will decrease by 
 effective legislation and efficient 
 management. 
 Development of non-edible 
 crops. 
 Since non-edible species are of 
 rising  interest, there exist many 
 research initiatives. 
 The lower final cost of generated 
 bio-fuels because of free feed-stock. 
 New and more efficient conversion technologies will be found and existing technologies will be improved. 
 Creating many job opportunities throughout their related life cycle chain steps. 
 Development of green-house farms and vertical agriculture.  It has high potential amount in Iran 
 Government supporting packages for agricultural development.  Iran is a developing country. 
--- --- 
 Iran is a growing population country 
 and now is more than 77 million people 
--- --- 
 Urban population of Iran is about 
 70%, and it is growing positively. 
--- --- 
 Big cities of Iran have high population 
 densities. 
--- --- 
 Government supporting packages 
 for municipal solid waste management 
 
 
 
 
Agricultural Crops 
Agricultural Residues 
& 
Herbaceous Plants 
Bio-waste 
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 Increasing the food price.  Increasing the feed price.  Valuability & price growth of waste 
 Increasing the population.  Finding new applications.  Lack of legislation & management. 
 Climate change and drought.  Lack of organized researches. 
 Water scarcity and water crisis.  It is new. 
 Land degradation and poverty of soil. --- 
 Plant and agricultural pests. --- 
 Increasing urban development. --- 
 Increasing the land price. --- 
 Increasing fertilizers price. --- 
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5.3. Discussion 
The present SWOT analyses show pros and cons of bio-fuels and their renewable feed-stock sources, 
which represent an objective base for discussing the alternative options for transport fuels and their 
supplying sources for years ahead. 
In most evaluating cases, SWOT analysis is qualitative, thus it has great opportunity to objectively 
demonstrate negatives and positives of both types of fuels. Generally, qualitative data are less 
amenable for statistical rules and manipulations, while quantitative evaluations are much more 
susceptible to manipulations, although this is not the intention often. 
According to the first step, beside renewability and sustainability of bio-fuels as the most highlighted 
positives of them, the most famous cited argument against bio-fuels in favor of fossil-fuels in debates 
is the higher costs of bio-fuels, provided that external costs for negative environmental impacts of 
fossil-fuels are not accounted in evaluating computations as expenditure side (i.e. costs for negative 
effects of global warming due to combustion of fossil-fuels). Such discussions should be 
complemented by using results of additional quantitative evaluating studies, for example on costs, 
greenhouse gas emissions and energy balances. 
Today, most experiences for bio-fuels exist for bio-ethanol and bio-diesel since these two bio-fuels 
have the highest market share in the world. On the contrary, less experience exists for bio-methane 
which is in its initial phase of market introduction yet. It should be noted that the use of bio-methane 
is a good option for transport application (especially public transportation vehicles), but favorable 
policies and conductive legislation have to be introduced. Feeding bio-methane into the natural gas 
grid could be an appropriate strategy to boost its market share for transport purposes. Also, bio-
hydrogen and bio-methanol are two most interested transport fuels in the near future, because of 
recent development of fuel cell technology for vehicle application. 
According to the second step, SWOT analysis presented the main advantages and disadvantages, the 
drivers and barriers of three selected feed-stock categories for producing the bio-fuels which are used 
in transportation sector. 
During recent years, there has been a big competition between utilization of agricultural crops and 
agricultural residues together with herbaceous plants for converting to bio-fuels, because of their high 
yield of production. But it is not possible to ignore negative impacts due to utilization of both feed-
stock categories on production, market share and prices of food and feed in the world, and also 
particularly the almost certainly negative effects due to development of their production, on land use 
and water resources in Iran. 
  
 101 
 
 
Meanwhile, it should be noted that, utilization of feed-stocks derived from forest production and 
forestry residues for bio-fuels production are not recommended for Iran, because of their low growth 
rate and their dependencies on natural conditions, and also gradual deforestation and recent water 
scarcity due to droughts and climate change during recent decades. Moreover, utilization of municipal 
sewage as a feed-stock for bio-fuels production in Iran is under development yet and almost all 
obtained bio-fuels are used for supplying heat and electricity needs of their producers (wastewater 
treatment plants). Furthermore, algae spices are other important feed-stocks for bio-fuels production 
because of their ease of growth and fast growth rate, and their ability to use wastewater and seawater 
for growing with lack of negative impacts on land use. They are severely under research in Iran, but 
because of their developing technologies and high initial investment cost and also some 
environmental barriers, algal bio-fuels are not cost effective at the moment. Therefore, evaluating of 
all three types of the recent mentioned feed-stocks categories in the second SWOT analysis is not 
justified in the case of Iran. 
Alternatively, based on the evaluated data and through inductive reasoning, bio-waste is appointed as 
the most available, accessible, affordable and sustainable feed-stocks category for bio-fuels 
production at the moment in Iran, without related limitations and negative impacts of using 
agricultural crops and agricultural residues for the same purpose. Also, bio-waste to bio-fuels related 
conversion technologies are flexible and switchable through first, second and third generation bio-
fuels technologies or combinations with them depend on the type and base of feed-stock. Moreover, 
most of the bio-waste treatment and energy recovery processes can be done by the same facilities and 
technologies that are presently used in conversion of other two evaluated biomass feed-stocks 
categories. And finally, bio-waste normally is problematic and has important multidimensional 
negative impacts on environment, public health and economic, therefore besides the production of 
useful bio-materials and beneficial bio-fuels, bio-waste treatment strongly decreases negative impacts 
on the mentioned fields. 
[7, 91, 101, 105, 109, 200, 201, 214, 207] 
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CONCLUSION 
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The demand for fuels in Iran is growing rapidly, and the country is importing gasoline nearly 14.500 
barrels per day. If this increasing trend continues, it will be clear that in near future, Iran shifts from 
being one of the major fossil-fuel exporters to being a major importer of them. 
The rapid population growth, urbanization and industrialization due to the economic development 
which has taken place over the past few decades, has resulted in more rapid increases in waste 
generation. The lack of comprehensive municipal waste management plan especially for the 
biodegradable solid wastes that constitutes more than 75% of municipal solid wastes in Iran caused 
many social, economic and environmental problems. Despite above mentioned difficulties, if the 
country implements a proper waste management system then the municipal wastes can be regarded as 
a smart source option for energy recovery. Regarding to the definition of Energy Recovery as the 
important part of non-hazardous waste management hierarchy “Energy recovery from waste is the 
conversion of non-recyclable waste materials into useable heat, electricity, or fuel through a variety of 
processes, including combustion, gasification, pyrolysis, anaerobic digestion, and landfill gas 
recovery. This process is often called waste-to-energy”, Iran must more seriously considers the energy 
recovery before final disposal. Converting non-recyclable wastes into fuel can be a good strategic 
option for the country. Generating fuel from waste materials, apart from utilization of huge renewable 
source of biomass, can reduce carbon emissions by decreasing fossil-derived fuel consumption as well 
as reducing fuel imports and reducing methane generation from landfill. 
 
 
Fig. 52 - The Solid Waste Management Hierarchy. [214] 
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One of the most beneficial scenarios in Iran for supplying fuel is producing biofuels form Bio-wastes. 
The revised Waste Framework Directive (2008/98/EC) of the European Parliament and of the council 
of 19 November 2008 on waste and repealing certain Directives, has defined Bio-waste as 
“biodegradable  
• Garden and park wastes 
• Food and kitchen waste from households, restaurants, caterers, retail premises 
• Comparable waste from food processing plants” 
Iran government should prepare the comprehensive bio-fuel development plan and its supporting 
policies. The European Union Directive on the Promotion of the use of bio-fuels and other renewable 
fuels for transport (2003/30/EC) in addition the Bio-waste definition and the Waste Framework 
Directive of European Parliament (2008/98/EC) can be a useful guidance for Iranian policy makers 
with this matter. [72, 74, 245] 
Iran has huge potentials for increasing the production of bio-fuels from bio-wastes, which could create 
large economic, environmental and social benefits for the country. The recommended strategy for the 
municipal solid waste management to achieve the targets of this study is given in the next page.  
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Appendix I 
European Legislation & Policies Related to Bio-waste 
 
 
The Waste Framework Directive (WFD 2008/98/EC of the European Parliament and also the Council 
of 19 November 2008 on waste and repealing certain Directives) requires Member States to develop 
waste management policies that protect environmental and human health and ensure sustainable use 
of natural resources. Member States are legally bound to optimize the treatment of bio-waste 
according to their specific conditions. 
 
 
Article 4 on the “waste hierarchy” states: “the following waste hierarchy shall apply as a priority 
order in waste prevention and management legislation and policy: (a) prevention; (b) preparing for re-
use; (c) recycling; (d) other recovery, e.g. energy recovery; and (e) disposal.” “When applying the 
waste hierarchy […], Member States shall take measures to encourage the options that deliver the best 
overall environmental outcome. This may require specific waste streams departing from the hierarchy 
where this is justified by life-cycle thinking on the overall impacts of the generation and management 
of such waste.” 
 
 
Generally, applying the waste hierarchy should lead to the waste being dealt with in the most 
resource-efficient way. However, in specific circumstances and for specific waste streams, deviating 
from the hierarchy may be necessary in order to select the best solution for the environment. Also, in 
many cases, a number of alternatives exist at a given level of the waste hierarchy (e.g., different 
recycling alternatives for a given waste stream). However, these alternatives are frequently not 
equivalent from an environmental perspective. This is way the WFD opens to deviations from the 
waste hierarchy if it can be justified by life cycle thinking that these deviations lead to improvements 
of the overall environmental performance. The management of bio-waste is covered by several pieces 
of EU legislation such as: 
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Landfill Directive (1999/31/EC) 
The Landfill Directive (Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste) 
requires Member States to progressively reduce landfilling of municipal biodegradable waste to 35% 
of the total municipal waste produced by 2016 (compared to 1995). Member States (Bulgaria, Cyprus, 
Czech Republic, Estonia, Greece, Ireland, Latvia, Lithuania, Malta, Poland, Portugal, Romania, 
Slovakia, UK) that in 1995 relied heavily on landfilling for biodegradable waste management are 
given a 4-year extension period (i.e., until 2020). The objective of these measures is to reduce the 
emission of greenhouse gases from landfills. 
 
However, the LD does not prescribe specific treatment options for diverted biodegradable waste. In 
practice, Member States are frequently inclined to choose the seemingly easiest and cheapest option, 
sometimes disregarding the broader environmental (and social) consequences of this choice. 
 
Objectives 
Council Directive 1999/31/EC from 26
th
 April 1999 (Entered into force on 16.07.1999) aims to 
prevent or reduce as far as possible negative effects on the environment from the landfilling of waste: 
• By improving the overall operating conditions of landfill sites; and 
• By introducing stringent technical requirements for waste 
 
Content 
The Directive is intended to prevent or reduce the adverse effects of the landfilling of waste on the 
environment, in particular on surface water, groundwater, soil, air and human health. With that view, 
it notably sets requirements for all classes of landfills, including water control and leachate 
management, protection of soil and water, and gas control. 
 
Directive 1999/31/EC also demands that Member States introduce national strategies that aim to 
progressively reduce the quantities of biodegradable waste landfilled. In this way, the total quantity 
(in weight) of biodegradable municipal waste landfilled needs to be reduced respectively to: 
- 75% in 2006 
- 50% in 2009 
- 35% in 2016 
of the total municipal waste produced in 1995 or for the final year before 1995 for which standardized 
EUROSTAT data are available. 
The Directive states that the aforementioned objectives can be achieved by recycling, composting, 
biogas production or materials/energy recovery (art. 5, 1.). 
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Waste Framework Directive (2008/98/EC) 
 
Objectives 
The Directive aims to set a framework for waste management in the EU, promoting prevention, reuse 
and recycling, including energy recovery as a recovery activity within a revised waste management 
hierarchy. 
 
Content 
Waste definition 
The definition of ‘waste’ has been significantly clarified in the revised WFD through specific articles 
that formally introduce the concepts of ‘by-products’ and ‘end-of-waste’: 
The introduction of a definition of by-products in Article 5(1) formally recognizes the circumstances 
in which materials may fall outside the definition of waste. This change is intended to reflect the 
reality that many by-products are reused before entering the waste stream. 
Article 6 introduces a definition for end-of-waste that recognizes the increasing importance of waste 
recovery. 
 
Re-use and recycling targets 
In order to comply with the objectives of this Directive, and move towards a European recycling 
society with a high level of resource efficiency, Member States shall take the necessary measures 
designed to achieve the following targets: 
• To recycle or prepare for reuse 50% of household waste (such as at least paper, metal, plastic and 
glass from household) by 2020; 
• To reuse, recycle or recover 70% of non-hazardous construction and demolition waste by 2020. 
 
Bio-waste 
Directive 2008/98/EC (article 22) also demands that Member States shall take measures, to 
encourage: 
• The separate collection of bio-waste with a view to the composting and digestion of bio-waste; 
• The treatment of bio-waste in a way that fulfils a high level of environmental protection; 
• The use of environmentally safe materials produced from bio-waste. 
The assessment shall examine the opportunity of setting minimum requirements for bio-waste 
management and quality criteria for compost and digestate from bio-waste in order to guarantee a 
high level of protection for human health and the environment. 
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Revised IPPC Directive and Industrial Emission Directive (IED) 
On 21 December 2007 the Commission adopted a Proposal for a Directive on industrial emissions: 
{Proposal for a Directive of the European Parliament and of the Council on industrial emissions 
(integrated pollution prevention and control) (Recast) [COM(2007) 843 final] [SEC(2007) 1679] 
[SEC(2007) 1682]} 
 
The Proposal recasts seven existing Directives related to industrial emissions into a single legislative 
instrument. The recast includes in particular the IPPC Directive and the waste incineration Directive 
(WID - 2000/76/EC). The latter will be repealed in 2014. 
 
The IPPC Directive {Directive 1996/61/EC} established a set of common rules for permitting and 
controlling industrial installations - it has recently been codified (Directive 2008/1/EC). This directive 
lays down the main principles for the permitting and control of installations based on best available 
techniques (BAT). It currently covers biological treatment of organic waste only if it constitutes 
pretreatment before disposal. 
In the ongoing revision the Commission has proposed covering all biological treatment of organic 
waste above a capacity of 50 tonnes per day. 
 
The Directive on industrial emission (2010/75/EC), the so-called Industrial Emission Directive (IED), 
has been adopted in November 2010. It lays down rules on integrated prevention and control of 
pollution arising from industrial activities as well as rules designed to prevent or reduce emissions 
into air, water and land, and to prevent waste generation. 
 
BREF Waste Incineration 
Best Available Technologies (BAT) are described in a Bat REF document (BREF). The BREF on 
Waste Incineration is available at: [http://eippcb.jrc.es/reference/wi.html]. 
This BREF covers installations for the incineration of hazardous and municipal waste. In addition to 
the thermal treatment stage of the installation, this BREF also covers: 
• The receiving, handling and storing the waste; 
• The effect of waste pretreatment on the selection and operation of waste incineration processes  
(in some cases, this includes a description of the techniques applied); 
- Applied flue-gas treatment techniques; 
- Applied residue treatment techniques (for the main residues commonly produced); 
- Applied waste water treatment techniques; 
- Some aspects of energy recovery, the performance achieved and the techniques used. 
Details of electrical generation equipment, etc., are not included. 
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Waste Incineration Directive (2000/76/EC) 
The waste incineration directive (WID) regulates the technical requirements for the operation of 
incineration plants, including emission limit values for selected potential contaminants (e.g. NOx, 
SOx, HCl, particulates, heavy metals and dioxins) in order to prevent, as far as practicable, negative 
impacts on human health and the environment. It is relevant for bio-waste treatment as it covers 
incineration of most of bio-waste (including mixed waste containing biodegradable fractions). The 
Integrated Pollution Prevention and Control (IPPC) Directive also covers many of the plants that are 
covered by the WI Directive. In these cases, the WID only sets minimum obligations, which are not 
necessarily sufficient to comply with the IPPC Directive. 
 
Animal By-products Regulations 
EC Regulation No. 1432/2007: 
[http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:320:0013:0017:EN:PDF] 
EC Regulation No. 1774/2002: 
{Regulation (EC) No 1774/2002 of the European Parliament and of the Council of 3 October 2002 
laying down health rules concerning animal by-products not intended for human consumption} 
These Regulations establish detailed rules for the protection of public and animal health that apply to 
the use of animal by-products in biogas and composting plants. This regulation concerns “biogas and 
composting plants”, but in some EC member states this regulation is extended to home composting 
‘plants’ (e.g. Belgium/Flanders) in order to reduce health and contamination risks. 
 
EU Policy for Renewable Energy (Directive on Renewable Energy Sources, and COM(2010)11) 
The EU Policy for Renewable Energy and Directive on Renewable Energy Sources (RES) 
(2009/28/EC) establishes targets for total Renewable Energy Sources. Since biomass accounts for a 
relatively large share in total RES, this may lead to competing demands for biomass. 
 
The Directive on Renewable Energy Sources (RES Directive 2009/28/EC of the European Parliament 
and of the Council of 23 April 2009 on the promotion of the use of energy from renewable sources) 
also relates to bio-waste and encourages its use to replace fossil fuels. “It sets mandatory national 
targets for the overall share of energy from renewable sources in gross final consumption of energy 
and for the share of energy from renewable sources in transport” (Article 1). The Directive lays down 
rules relating to statistical transfers between Member States, joint projects between Member States 
and with third countries, guarantees of origin, administrative procedures, information and training, 
and access to the electricity grid for energy from renewable sources. It establishes sustainability 
criteria for bio-fuels and bio-liquids, while encouraging the use of bio-wastes, e.g. cooking oil or bio-
methane, for developing so-called second generation bio-fuels. The RES directive is adopted and in 
force; Member States transposed it on December 2010. 
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The RES Directive considers the use of biomass, i.e. the biodegradable fraction of products, wastes 
and residues from agriculture (including vegetal and animal substances), forestry and related 
industries, as well as the biodegradable fraction of industrial and municipal waste, to count towards 
the renewable energy targets, but leaves it up to Member States to decide how certain renewable 
energy resources should be supported. 
Also, the communication from the Commission COM(2010)11 gives recommendation for 
sustainability criteria to be used for biomass for electricity and heating purposes. 
 
Commission Communication on Future Steps in Bio-waste Management 
{Communication from the commission to the council and the European parliament on future steps in 
bio-waste management in the European Union (COM (2010)235)} 
 
Objectives 
This to the council and the European Parliament is related to future steps in the bio-waste 
management in the European Union. It explains the steps considered necessary by the Commission at 
this stage for optimizing the management of bio-waste. 
 
Content 
In particular, the Communication: 
• Draws conclusions from the Commission's analysis; 
• Provides recommendations on the way forward to reap the full benefits of proper bio-waste 
management; in particular in bio-waste prevention and bio-waste treatment; 
• Describes the main potential courses of action at EU and national level and how to best 
implement them. 
 
Green Paper on Management of Bio-waste 
{Report on the Commission Green Paper on the management of bio-waste in the European Union 
[2009/2153(INI)] - Committee on the Environment, Public Health and Food Safety} Objectives The 
Green Paper aims at: 
• Exploring options for the further development bio-waste management; and 
• Stimulating a debate on the possible need for future policy action, seeking views on how to 
improve bio waste management in line with the waste hierarchy, possible associated economic, 
social and environmental gains, as well as the most efficient policy instruments to reach this 
objective. 
The Paper is intended to stimulate a debate among stakeholders and help the Commission assess the 
need for additional EU action. 
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Content 
The Green Paper includes an overview of current bio-waste management practices in the EU, and 
looks at the benefits and drawbacks of these methods, taking into account environmental, economic 
and social issues. 
 
The Paper also looks at the impact of existing regulatory measures. Bio-waste management is already 
subject to a number of EU and national legislative measures. This includes: 
• Obligatory diversion from landfills (Landfill Directive); Encouragement of recycling (under the 
new Waste Framework Directive); 
• Incineration and composting (Incineration Directive, IPPC Directive, and Animal By-Products 
Regulation); 
• Product standards and requirements (Organic Farming Regulation, the EU Eco-label requirements 
for compost, national standards). 
The Green Paper will also consider the need for new legislation which could help to direct more bio-
waste towards recycling and energy recovery. 
 
Strategy on Soil Protection 
The Commission adopted a Soil Thematic Strategy (COM(2006) 231) and a proposal for a Soil 
Framework Directive (COM(2006) 232) with the objective to protect soils across the EU. 
 
The draft Soil Framework Directive imposes the obligation for member States to design programs of 
measures to combat organic matter decline (Article 8). Member States are requested to draw up, at the 
appropriate level, a program of measures including at least the following: risk reduction targets, 
appropriate measures for reaching those targets, a timetable for the implementation of those measures 
and an estimate of the allocation of private or public means for the funding of those measures. 
 
In Article 10 of its resolution {European Parliament legislative resolution of 14 November 2007 on 
the proposal for a Directive of the European Parliament and of the Council establishing a framework 
for the protection of soil and amending Directive 2004/35/EC (COM(2006)0232 - C6-0307/2006 - 
2006/0086(COD)) - P6 TA(2007)0509 - art. 8a (amendment 66)} on this proposal, the European 
Parliament requires that “the Commission shall present a proposal for a bio-waste Directive setting 
quality standards for the use of bio-waste as a soil improver.” 
 
This requirement can be seen in the light of a trade-off identified in the EU Soil strategy: 
• On the one hand, compost is identified as a tool to fight the decline of organic matter in soils; 
• On the other hand, there is the need to prevent soil contamination. 
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Energy Issues and Climate Change 
The European Climate Change Program considers promoting organic input on arable land (crop 
residues, cover crops, farm yard manure, compost, sewage sludge) as a tool to reduce Greenhouse gas 
emissions [http://ec.europa.eu/environment/climat/pdf/finalreport_agricsoils.pdf]. 
 
 
European Commission 
EUR 24917 EN - Joint Research Centre - Institute for Environment and Sustainability 
Title: Supporting Environmentally Sound Decisions for Bio-Waste Management - A practical guide to Life 
Cycle Thinking (LCT) and Life Cycle Assessment (LCA) 
Luxembourg: Publications Office of the European Union 
2011 - 94 pp. - 21.0 x 29.7 cm 
EUR – Scientific and Technical Research series – ISSN 1018-5593 (print), ISSN 1831-9424 (online) 
ISBN 978-92-79-21018-1 (print) 
ISBN 978-92-79-21019-8 (PDF) 
doi: 10.2788/53692 
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Appendix II 
Renewable Energy Support Policies 
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